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DESCRIPTION 

OLIGOPrtJCLEOTIDE MEDIATED INHIBITION OF HEPATITIS B VIRUS AND 
HEPATmS C VIRUS REPLICATION 

Background Of The Invention 

This patent application claims priority from Blatt et al, USSN (09/817,879), filed 
March 26, 2001, which is a contimiation-in-part of Blatt et aL, USSN (09/740,332), filed 
December 18, 2000, which is a continuation-in-part of Blatt et al., USSN (09/61 1,931), filed 
July 7, 2000, which is a continuation-in-part of Blatt et aL, 09/504,321, filed February 15, 
2000, which is a continuation-in-part of Blatt et al., USSN 09/274,553, ffled March 23, 1999, 
which is a continuation-in-part of Blatt et al., USSN 09/257,608, filed February 24, 1999 
(abandoned), which claims priority from Blatt et al., USSN 60/100,842, filed September 1 8, 
1998, and McSwiggen et aL, USSN 60/083,217 filed April 27, 1998; all of these earlier 
applications are entifled "ENZYMATIC NUCLEIC ACID TREATMENT OF DISEASES 
OR CONDinONS RELATED TO HEPATITIS C VIRUS EnJFECTION". This patent 
q)plication also claims priority from Draper et al., USSN 09/877,478 filed June 8, 2001, 
which is a continuation-in-part of Draper et aL, USSN (09/696,347), filed October 24, 2000, 
which is a continuation-in-part of Draper et aL, USSN (09/636,385), filed August 9, 2000, 
which is a continuation in part of Draper et aL, USSN (09/531,025), filed March 20, 2000, 
which is a continuation in part of Draper, USSN (09/436,430), filed November 8, 1999, 
which is a continuation of USSN (08/193,627), filed February 7, 1994, now US patent No. 
6,017,756, which is a continuation of USSN (07/882,712), filed May 14, 1992, now 
abandoned; all of these earlier applications are entitled '^METHOD AND REAGENT FOR 
INHIBITING HEPATITIS B VIRUS REPLICATION". This patent application also claims 
priority from Macejak et aL, USSN (60/335,059), filed October 24, 2001, Macejak et aL, 
USSN (60/296,876), filed June 8, 2001. and Momssey et aL, USSN (60/337,055), filed 
December 5, 200 1 . These applications are hereby incorporated by reference herein in their 
entireties, including the drawings. 

The present invention concerns compoxmds, compositions, and methods for flie study, 
diagnosis, and treatment of degenerative and disease states related to hepatitis B virus (HBV) 
and hepatitis C virus (HCV) infection, replication and gene expression. Specifically, the 
invention relates to nucleic acid molecules used to modulate expression of HBV and HCV. In 
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addition, the instant invention relates to methods, models and systems for screening inhibitors 
of HBV and HCV replication and propagation. 

The following is a discussion of relevant art pertaining to hepatitis B virus (HBV) and 
hepatitis C virus (HCV). The discussion is not meant to be complete and is provided only for 
understanding of the invention that follows. The summary is not an admission that any of the 
work described below is prior art to the claimed invention. 

In 1989, the Hepatitis C Virus (HCV) was determined to be an RNA virus and was 
identified as the causative agent of most non-A non-B viral Hepatitis (Choo et al. Science. 
1989; 244:359-362). Unlike retroviruses such as HIV, HCV does not go though a DNA 
replication phase and no integrated forms of flie viral genome into the host chromosome have 
been detected (Hougjiton et al., Hepatology 1991;14:381-388). Rather, replication of the codmg 
(plus) strand is mediated by the production of a replicative (minus) strand leading to the 
generation of several copies of plus strand HCV RNA. The genome consists of a single, 
large, open-reading j&ame that is translated into a polyprotein (ICato et al, FEBS Letters. 1991; 
280: 325-328). This polyprotein subsequently undergoes post-translational cleavage, 
producing several viral proteins (Leinbach et al., Virology. 1994: 204:163-169). 

Examination of the 9.5-kilobase genome of HCV has demonstrated that the viral 
nucleic acid can mutate at a high rate (Smith et alMol Evol 1997 45:238-246). This rate of 
mutation has led to the evolution of several distinct genotypes of HCV that sbare 
approximately 70% sequence identity (Simmonds etal, J. Geiu Virol. 1994;75 : 1053-1061), It is 
important to note that these sequences are evolutionarily quite distant. For example, the 
genetic identity between humans and primates such as the clunq)anzee is approximately 98%. 
In addition, it has been demonstrated that an HCV infection in an individual patient is 
composed of several distinct and evolving quasispecies that have 98% identity at the RNA 
level. Thus, the HCV genome is hypervariable and continuously changing. Although the 
HCV genome is hypervariable, there are 3 regions of the genome that are highly conserved. 
These conserved sequences occur in flie 5' and 3* non-coding regions as well as the 5*-end of 
the core protein coding region and are thougjit to be vital for HCV RNA replication as well as 
translation of the HCV polyprotein. Thus, therapeutic agents that target fliese conserved 
HCV genomic regions can have a significant impact over a wide range of HCV genotypes. 
Moreover, it is unlikely that drug resistance will occur with enzymatic nucleic acids specific 
to conserved regions of the HCV genome. In contrast, therapeutic modalities that target 
inhibition of enzymes such as the viral proteases or helicase are likely to result in the 
selection for dmg resistant strains since the RNA for these viral encoded enzymes is located 
in the hypervariable portion of the HCV genome. 
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After initial exposure to HCV, the patient experiences a transient rise in liver enzymes, 
which indicates the occurrence of inflammatory processes (Alter et al, Seeff LB, Lewis 
JH, eds. Current Perspectives in Hepatology. New York: Plenum Medical Book Co; 1989:83-«9). 
This elevation in liver enzymes will occur at least 4 weeks after flie initial exposure and can 
last for up to two months (Farci et al, New England Journal of Medicine. 1991:325:98-104), 
Prior to the rise in liver enzymes, it is possible to detect HCV RNA in the patient's serum 
using RT-PCR analysis (Takahashi et al, Amencan Journal of Gastroenterology, 1993:88:2:240- 
243). This stage of the disease is called the acute stage and usually goes undetected since 75% 
of patients with acute viral hepatitis fiom HCV infection are asymptomatic. The remaining 
25% of these patients develop jaundice or other symptoms of hepatitis. 

Acute HCV infection is a benign disease, however, and as many as 80% of acute HCV 
patients progress to chronic liver disease as evidenced by persistent elevation of serum 
alanine aminotransferase (ALT) levels and by continual presence of circulating HCV RNA 
(Saierlock, Lancet 1992; 339:802). The natural progression of chronic HCV infection over a 10 
to 20 year period leads to cirAosis in 20 to 50% of patients (Davis et al.. Infectious Agents and 
Disease 1993;2:150:154) and progression of HCV infection to hepatocellular carcinoma has 
been well documented (Liang et al, Hepatology, 1993; 18:1326-1333; Tong et al. Western 
Journal of Medicine, 1994; Vol. 160, No. 2: 133-138). There have been no studies that have 
determined sub-populations that are most likely to progress to cirrhosis and/or hepatocellular 
carcinoma, thus all patients have equal risk of progression. 

It is important to note that tiie survival for patients diagnosed with hepatocellular 
carcinoma is only 0.9 to 12.8 months from initial diagnosis (Takahashi et al, American Journal 
of Gastroenterology, 1993:88:2:240-243). Treatment of hepatocellular carcinoma with 
chemotherapeutic agents has not proven effective and only 10% of patients will benefit firom 
surgery due to extensive tumor invasion of the liver (Trinchet et al, Presse Medicine, 
1994:23:831-833). Given the aggressive nature of primary hepatocellular carcinoma, the only 
viable treatment alternative to surgery is liver transplantation (PicUmayr et aL, Hepatology, 
1994:20:33S-40S). 

Upon progression to cirrhosis, patients with chronic HCV infection present wifli 
clinical features, which are common to clinical cirrhosis regardless of the initial cause 
(D*Amico et al, Digestive Diseases and Sciences. 1986;31:5: 468-475). These clinical 
features can include: bleeding esophageal varices, ascites, jaundice, and encephalopathy 
(Zakim D, Boyer TD. Hepatology a textbook of liver disease. Second Edition Volume 1. 
1990 W.B. Saxmders Company, Philadelphia). In the early stages of cirrhosis, patients are 
classified as compensated, meaning that although liver tissue damage has occurred, the 
patient's liver is still able to detoxify metabolites in the blood-stream. In addition, most 
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patients with compensated liver disease are asymptomatic and the minority with symptoms 
report only minor symptoms such as dyspepsia and weakness. In flie later stages of cirrhosis, 
patients are classified as decompensated meaning that their ability to detoxify metabolites in 
the bloodstream is diminished and it is at &is stage that flie clinical features described above 
will present. 

In 1986, D^Amico et al described the clinical manifestations and survival rates in 1 ISS 
patients with botii alcoholic and viral associated cirrhosis (D'Amico supra). Of the IISS 
patients, 435 (37%) had compensated disease although 70% were asyn^tomatic at the 
beginning of the study. The remaining 720 patients (63%) had decompensated liver disease 
with 78% presenting with a history of ascites, 31% with jaundice, 17% had bleeding and 16% 
had encephalopathy. Hepatocellular carcinoma was observed in six (.5%) patients with 
compensated disease and in 30 (2.6%) patients with decompensated disease. 

Over the course of six years, the patients with compensated cirrhosis developed clinical 
features of decompensated disease at a rate of 10% per year. In most cases, ascites was the 
first presentation of decompensation. In addition, hepatocellular carcinoma developed in 59 
patients who initially presented with compensated disease by the end of the six-year study. 

With respect to survival, the D'Amico study indicated that the five-year survival rate 
for all patients on the study was only 40%. The six-year survival rate for flie patients who 
initially had compensated cirrhosis was 54%, while the six-year survival rate for patients who 
initially presented with decompensated disease was only 21%. There were no significant 
differences in tiie survival rates between the patients who had alcoholic cirrhosis and the 
patients with viral related cirrhosis. The major causes of death for the patients in the D'Amico 
study were liver failure in 49%; hepatocellular carcinoma in 22%; and, bleeding in 13% 
(D'Amico supra). 

Chronic Hepatitis C is a slowly progressing inflammatory disease of the liver, mediated 
by a virus (HCV) that can lead to cirrhosis, liver fiiilure and/or hepatocellular carcinoma over 
a period of 10 to 20 years. In the US, it is estimated that infection with HCV accounts for 
50,000 new cases of acute hepatitis in the United States each year (NIH Consensus 
Development Conference Statement on Management of Hepatitis C March 1997). The 
prevalence of HCV in tiie United States is estimated at 1 .8% and the CDC places the number 
of chronically infected Americans at approximately 4.5 million people. The CDC also 
estimates that up to 10,000 deaths per year are caused by chronic HCV infection. The 
prevalence of HCV in the United States is estimated at 1 .8% and the CDC places the number 
of chronically infected Americans at approximately 4.5 million people. The CDC also 
estimates that up to 10,000 deaths per year are caused by chronic HCV infection. 
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Numerous well controlled clinical trials using interferon (IFN-alpha) in the treatment of 
cbronic HCV infection have demonstrated that treatment three times a week results in 
lowering of serum ALT values in approximately 50% (range 40% to 70%) of patients by the 
end of 6 months of therapy (Davis et al. New England Journal of Medicine 1989; 321:1501-1506; 
Marcellin et al, Hepatology, 1991; 13:393-397; Tong etal, Hepatology 1997:26:747-754; Tong et 
al, Hepatology 1997 26(6): 1640-1645). However, following cessation of interferon treatment, 
approximately 50% of flie responding patients relapsed, resulting in a "durable" response rate 
as assessed by normalization of serum ALT concentrations of approximately 20 to 25%. 

In recent years, direct measurement of the HCV RNA has become possible through use 
of either the branched-DNA or Reverse Transcriptase Polymerase Chain Reaction (RT-PCR) 
analysis. In general, the RT-PCR methodology is more sensitive and leads to more accurate 
assessment of the clinical course (Tong et al, supra). Studies that have exammed sbc months 
of type 1 interferon therapy using changes in HCV RNA values as a clinical endpoint have 
demonstrated that up to 35% of patients will have a loss of HCV RNA by the end of therapy 
(Marcellin et al., supra). However^ as wilh the ALT endpoint, about 50% of the patients 
relapse six months following cessation of therapy resulting in a durable virologic response of 
only 12% (Marcellin et aL, supra). Studies that have examined 48 weeks of therapy have 
demonstrated that the sustained virological response is up to 25% (NIH consensus statement: 
1997). Thus, standard of care for treatment of chronic HCV infection with type 1 interferon 
is now 48 weeks of flierapy using changes in HCV RNA concentrations as the primary 
assessment of efiScacy (Hoofiiagle et aL, New England Journal of Medicine 1997; 336(5) 347- 
356). 

Side effects resulting from treatment with type 1 interferons can be divided into four 
general categories, which include 1. Influenza-like symptoms; 2. Neuropsychiatric; 3. 
Laboratory abnormalities; and, 4. Miscellaneous (Dusheiko et al., Journal of Viral Hepatitis. 
1994:1:3-5). Examples of influenza-like symptoms include; fatigue, fever; myalgia; malaise; 
appetite loss; tachycardia; rigors; headache and arthralgias. The influenza-like symptoms are 
usually short-lived and tend to abate after the first four weeks of dosing (Dushieko et aL, 
supra). Neuropsychiatric side effects include: irritability, apathy; mood changes; insomnia; 
cognitive changes and depression. The most important of these neuropsychiatric side effects 
is depression and patients who have a history of depression should not be given type 1 
interferon. Laboratory abnormalities include; reduction in myeloid cells including 
granulocytes, platelets and to a lesser extent red blood cells. These changes in blood cell 
counts rarely lead to any significant clinical sequellae (Dushieko et aL, supra). In addition, 
increases in triglyceride concentrations and elevations in serum alanine and aspartate 
aminotransferase concentration have been observed. Finally, thyroid abnormaUties have been 
reported. These tiiyroid abnormalities are usually reversible after cessation of int^eron 
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therapy and can be controlled with appropriate medication while on flierapy. Miscellaneous 
side effects include nausea; diarrhea; abdominal and back pain; pruritus; alopecia; and 
xhinorrhea. In general, most side effects will abate after 4 to 8 weeks of therapy (Dushieko et 
al, supra). 

Type 1 Interferon is a key constituent of many treatment programs for chronic HCV 
infection. Treatment with type 1 interferon induces a number of genes and results in an 
antiviral state within the cell One of the genes induced is 2\ S' oligoadraylate synthetase, an 
enzyme that synthesizes short 2\ 5' oligoadenylate (2-5 A) molecules. Nascent 2-5 A 
subsequently activates a latent SNase, RNase L, which in turn nonspecifically degrades viral 
RNA. 

Chronic hepatitis B is caused by an enveloped virus, commonly known as the hepatitis 
B virus or HB V. HB V is transmitted via infected blood or other body fluids, especially saliva 
and semen, during delivery, sexual activity, or sharing of needles contaminated by infected 
blood. Individuals may be "carriers" and transmit the infection to others without ever having 
experienced symptoms of the disease. Persons at highest risk are those with multiple sex 
partners, those wifli a history of sexually transmitted diseases, parenteral drug users, infants 
bom to infected mothers, "close" contacts or sexual partners of infected persons, and 
healthcare personnel or other service employees who have contact with blood. Transmission 
is also possible via tattooing, ear or body piercing, and acupuncture; the virus is also stable on 
razors, toofiibrushes, baby bottles, eating utensils, and some hospital equipment such as 
respirators, scopes and instruments. There is no evidence that HBsAg positive food handlers 
pose a health risk in an occupational setting, nor should they be excluded from work- 
Hepatitis B has never been documented as being a food-borne disease. The average 
incubation period is 60 to 90 days, with a range of 45 to 180; the number of days spears to 
be related to the amount of virus to which the person was exposed. However, determining 
the length of incubation is difficult, since onset of symptoms is insidious. Approximately 
50% of patients develop symptoms of acute hepatitis that last from 1 to 4 weeks. Two 
percent or less of these individuals develop fulminant hepatitis resulting in liver failure and 
death. 

The determinants of severity include: (1) The size of the dose to which the person was 
exposed; (2) the person's age with younger patients experiencing a milder form of the 
disease; (3) the status of the irmnune system with those who are immunosuppressed 
experiencing milder cases; and (4) the presence or absence of co-infection with flie Delta 
virus (hepatitis D), with mote severe cases resulting from co-infection. In symptomatic 
cases, clinical signs include loss of appetite, nausea, vomiting, abdominal para in the right 
upper quadrant arthralgia, and tiredness/loss of energy. Jaundice is not experienced in all 
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cases, however, jaundice is more likely to occur if the infection is due to transfusion or 
percutaneous serum transfer, and it is accompanied by mild pruritus in some patients. 
Bilirubin elevations are demonstrated in dark urine and clay-colored stools, and liver 
enlargement may occur accompanied by right upper-quadrant pain. The acute phase of the 
disease may be accon:5)anied by severe depression, meningitis, Guillain-Barr^ syndrome, 
myelitis, encephalitis, agranulocytosis, and/or thrombocytopenia. 

Hq)atitis B is generally self-linuting and will resolve in approximately 6 months. 
Asymptomatic cases can be detected by serologic testing, since Hie presence of tiie virus 
leads to production of large amounts of HBsAg in the blood. This antigen is the first and 
most useful diagnostic marker for active mfections. However, if HBsAg remains positive for 
20 weeks or longer, the person is likely to remain positive indefinitely and is now a carrier. 
While only 10% of persons over age 6 who contract HBV become carriers, 90% of infants 
infected during the first year of life do so. 

Hepatitis B virus (HBV) infects over 300 million people worldwide (Imperial, 1999, 
Gastroenterol. Hepatol., 14 (suppl), Sl-5). In the United States, approximately 1.25 million 
individuals are chronic carriers of HBV as evidenced by the fact that they have measurable 
hepatitis B virus surface antigen HBsAg in their blood. The risk of beconmig a chronic 
HBsAg carrier is dependent upon the mode of acquisition of infection as well as the age of 
the individual at the time of infection. For those individuals with high levels of viral 
replication, chronic active hepatitis with progression to cirrhosis, liver failure and 
hepatocellular carcinoma (HCC) is common, and liver transplantation is the only treatment 
option for patients with end-stage liver disease from HBV. 

The natural progression of chronic HBV infection over a 10 to 20 year period leads to 
cirrhosis in 20-to-50% of patients and progression of HBV infection to hepatocellular 
carcinoma has been well documented. There have been no studies that have determined sub- 
populations that are most likely to progress to cirrhosis and/or hepatocellular carcinoma, thus 
all patients have equal risk of progiression. 

It is important to note that the survival for patients diagnosed with hepatocellular 
carcinoma is only 0.9 to 12.8 monftis from initial diagnosis (Takahashi et ah, 1993, American 
Journal of Gastroenterology, 88, 240-243). Treatment of hepatocellular carcinoma with 
chemotherapeutic agents has not provra effective and only 10% of patients will benefit from 
surgery due to extensive tumor invasion of flie liver (Trinchet et al, 1994J^resse Medicine, 
23, 831-833). Given the aggressive nature of primary hepatocellular carcinontia, the only 
viable treatment alternative to surgery is liver transplantation (Pichlmayr et aL, 1994, 
Hepatology,, 20, 33S-40S). 
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Upon progression to ciirhosis, patients with chronic HCV and HBV infection present 
with clinical features^ which are common to clinical cirrhosis regardless of &e initial cause 
(D'Amico et aL, 1986, Digestive Diseases and Sciences, 31, 468-475). These clinical 
features may include: bleeding esophageal varices, ascites, jaundice, and encephalopathy 
(Zakim D, Boyer TD. Hepatology a textbook of liver disease. Second Edition Volume 1. 
1990 W.B. Saunders Company. Philadelphia). In the early stages of cirrhosis, patients are 
classified as compensated, meaning that although liver tissue damage has occurred, the 
patient's liver is still able to detoxify metabolites in the blood-stream. In addition, most 
patients wift conq)ensated liver disease are asymptomatic and the minority with symptoms 
report only minor symptoms such as dyspepsia and weakness. In flie later stages of cirrhosis, 
patients are classified as decompensated meaning that their ability to detoxify metabolites in 
the bloodstream is diminished and it is at this stage that the clinical features described above 
will present. 

In 1986^ D'Amico et ah described the clinical manifestations and survival rates in 11 55 
patients with both alcoholic and viral associated cirrhosis (D*Amico supra). Of the 1155 
patients, 435 (37%) had compensated disease although 70% were asymptomatic at the 
beginning of the study. The remaining 720 patients (63%) had decompensated liver disease 
with 78% presenting with a history of ascites, 31% with jaundice, 17% had bleeding and 16% 
had encephalopathy. Hepatocellular carcinoma was observed in six (0.5%) patients with 
compensated disease and in 30 (2.6%) patients with decompensated disease. 

Over the course of six years, the patients with compensated cirrhosis developed clinical 
features of decompensated disease at a rate of 10% per year. In most cases, ascites was the 
first presentation of decompensation. In addition, hepatocellular carcinoma developed in 59 
patients who initially presented wi& compensated disease by the end of flie six-year study. 

With respect to survival, the D'Amico study indicated that the five-year survival rate 
for all patients on the study was only 40%. The six-year survival rate for the patients who 
initially had compensated cirrhosis was 54% while the six-year survival rate for patients who 
initially presented with decompensated disease was only 21%. There were no significant 
differences in the survival rates between the patients who had alcoholic chrhosis and the 
patients with viral related cirrhosis. The major causes of death for the patients in the D*Amico 
study were liver failure in 49%; hepatocellular carcinoma in 22%; and, bleeding in 13% 
(D'Amico supra). 

Hepatitis B virus is a double-stranded circular DNA virus. It is a member of the 
Hepadnaviridae family. The virus consists of a central core that contains a core antigen 
(HBcAg) surrounded by an envelope containing a surface protein/surface antigen (HBsAg) 
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and is 42 nm in diameter. It also contains an e antigen (HBeAg), which, along with HBcAg 
and HBsAg, is helpful in identifying this disease. 

In HBV virions, the genome is found in an incomplete double-stranded form. HBV 
uses a reverse transcriptase to transcribe a positive-sense full length RNA version of its 
genome back into DNA. This reverse transcriptase also contains DNA polymerase activity 
and thus begins replicating the newly synthesized minus-sense DNA strand. However, it 
appears that the core protein encapsidates &e reverse^transcriptase/polymerase before it 
completes replication. 

From the free-floating form, the vmis must first attach itself specifically to a host cell 
membrane. Viral attachment is one of flie crucial steps diat determines host and tissue 
specificity. However, currently there are no in vitro cell-lines that can be infected by HBV. 
There are some cells Imes, such as HepG2, which can support viial replication only upon 
transient or stable tzansfection using HBV DNA. 

After attachment, fusion of the vnal envelope and host membrane must occur to allow 
the viral core proteins containing the genome and polymerase to enter the cell. Once inside, 
the genome is translocated to the nucleus where it is repaired and cyclized. 

The complete closed circular DNA genome of HBV remains in the nucleus and gives 
rise to four transcripts. These transcripts initiate at unique sites but share the same 3 '-ends. 
The 3.5-kb pregenomic RNA serves as a template for reverse transcription and also encodes 
the nucleocapsid protein and polymerase. A subclass of this transcript with a S'-end 
extension codes for flie precore protein that; after processing, is secreted as HBV e antigen. 
The 2.4-kb RNA encompasses the pre-Sl open reading firame (ORF) that encodes flie large 
surface protein. The 2.1-kb RNA encompasses the pre-S2 and S ORFs that encode the 
middle and small siuface proteins, respectively. The smallest transcript (~0.8-kb) codes for 
the X protein, a transcriptional activator. 

Multiplication of flie HBV genome begins within the nucleus of an infected cell. RNA 
polymerase n transcribes the circular HBV DNA into greater-than-fuU length mRNA. Since 
the mRNA is longer ttian the actual complete circular DNA, redundant ends are formed. 
Once produced, the pregenomic RNA exits the nucleus and enters the c3rtoplasm. 

The packaging of pregenomic RNA into core particles is triggered by the binding of the 
HBV polymerase to the 5* epsilon stem-loop. RNA encapsidation is believed to occur as 
soon as binding occurs. The HBV polymerase also q)peais to require associated core protein 
in order to function. The HBV polymerase initiates reverse transcription firom the 5* epsilon 
stem-loop tibree to four base pairs at which point the polymerase and attached nascent DNA 
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are transferred to the 3* copy of the DRl region. Once there, the (-)DNA is extended by the 
HBV polymerase while the RNA template is degraded by the HBV polymerase RNAse H 
activity. When the HBV polymerase reaches the 5* end, a small stretch of RNA is left 
undigested by the SNAse H activity. This segment of RNA is comprised of a small sequence 
just upstream and including the DRl region. The RNA oligomer is then translocated and 
aimealed to the DR2 region at the 5' end of the (-)DNA. It is used as a primer for the (4-)DNA 
synthesis which is also generated by the HBV polymerase. It appears that the reverse 
transcription as well as plus strand synthesis may occur in the completed core particle. 

Since the pregenomic RNA is required as a template for DNA synthesis, this RNA is an 
excellent target for nucleic acid based therapeutics. Nucleoside analogues that have been 
documented to modulate HBV replication target the reverse transcriptase activity needed to 
convert the pregenomic RNA into DNA. Nucleic acid decoy and aptamer modulation of 
HBV reverse tran5crq)tase would be Gxpectsd to result in a similar modulation of HBV 
replication. 



Current therapeutic goals of treatment are three-fold: to eliminate infectivity and 
transmission of HBV to others, to arrest the progression of liver disease and improve the 
clinical prognosis, and to prevent the development of hepatocellular carcinoma (HCC). 

Interferon alpha use is the most common therapy for HBV; however, recently 
Lamivudine (3TC®) has been approved by flie FDA. Interferon alpha (IFN-alpha) is one 
treatment for chronic hepatitis B. The standard duration of IFN-alpha therapy is 16 weeks, 
however, the optimal treatment length is still poorly defined. A complete response (HBV 
DNA negative HBeAg negative) occurs in approximately 25% of patients. Several factors 
have been identified that predict a favorable response to therapy including:, High ALT, low 
HBV DNA, being female, and heterosexual orientation. 

There is also a risk of reactivation of the hepatitis B virus even after a successful 
response, this occurs in around 5% of responders and normally occurs within 1 year. 

Side effects resulting from treatment with type 1 interferons can be divided into four 
general categories including: Influenza-like symptoms, neuropsychiatric, laboratory 
abnormalities, and other miscellaneous side effects. Examples of influenza-like symptoms 
include, fatigue, fever, myalgia, malaise, appetite loss, tachycardia, rigors, headache and 
arthralgias. The injQuenza-like symptoms are usually short-lived and tend to abate after the 
first four weeks of dosing (Dusheiko et al„ 1994, Journal of Viral Hepatitis^ 1, 3-5). 
Neuropsychiatric side effects include irritability, apathy, mood changes, insonmia, cognitive 



10 



wo 02/081494 



CA 02442092 2003-09-25 



PCTAJS02/09187 



changes, and depression. Laboratory abnormalities include the reduction of myeloid cells, 
including granulocytes, platelets and to a lesser extent, red blood cells. These changes in 
blood cell counts rarely lead to any significant clinical sequellae. In addition, increases in 
triglyceride concentrations and elevations in serum alanine and aspartate aminotransferase 
concentration have been observed. Finally, thyroid abnormalities have been reported. These 
thyroid abnormalities are usually reversible after cessation of interferon therapy and can be 
controlled wifli appropriate medication while on therapy. Miscellaneous side effects include 
nausea, diarrhea, abdominal and back pain, pruritus, alopecia, and rhinorrhea. In general, 
most side effects will abate after 4 to 8 weeks of therapy (Dushieko et al, supra ). 

Lamivudine (3TC®) is a nucleoside analogue, which is a very potent and specific 
inhibitor of HBV DNA synthesis. Lamivudine has recently been approved for the treatment 
of chronic Hepatitis B. Unlike treatment with interferon, treatment with 3TC® does not 
eliminate the HBV firom the patient. Rafher, viral replication is controlled and chronic 
administration results in improvements in liver histology in over 50% of patients. Phase m 
studies witii 3TC®, showed fliat treatment for one year was associated with reduced liver 
inflammation and a delay in scarring of the liver. In addition, patients treated with 
Lamivudine (lOOmg per day) had a 98 percent reduction in hepatitis B DNA and a 
significantly higher rate of seroconversion, suggesting disease improvements after 
completion of therapy. However, stopping of therapy resulted in a reactivation of HBV 
replication in most patients. In addition recent reports have documented 3TC® resistance in 
approximately 30% of patients. 

Current therapies for treating HBV infection, including interferon and nucleoside 
analogues, are only partially effective. In addition, drug resistance to nucleoside analogues is 
now emerging, making treatment of chronic Hepatitis B more difficult Thus, a need exists 
for effective treatment of this disease that utilizes antiviral modulators that work by 
mechanisms other tban those cunentiy utilized in the treatment of both acute and chronic 
hepatitis B infections. 

Welch et al, Gene Therapy 1996 3(11): 994-1001 describe in vitro an in vivo studies 
with two vector expressed haupin ribozymes targeted against hepatitis C virus. 

Sakamoto etalyj. Clinical Investigation 1996 98(12): 2720-2728 describe intracellular 
cleavage of hepatitis C virus RNA and inhibition of viral protem translation by certain vector 
expressed hammerhead ribozymes. 

Lieber et al, J. Virology 1996 70(12): 8782-8791 describe elimination of hepatitis C 
virus RNA in infected human hepatoc)^es by adenoviras-mediated expression of certain 
hammerhead ribozymes. 
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Ohkawa et aL, 1997, J. Hepaiology, 27; 78-84, describe in vitro cleavage of HCV RNA 
and inhibition of viral protein translation using certain in vitro transcribed hammerhead 
ribozymes. 

Barber et aL, International PCX Publication No. WO 97/32018, describe the use of an 
adenovirus vector to express certain anti-hepatitis C virus hairpin ribozymes. 

Kay et aL, International PCT Publication No. WO 96/18419, describe certain 
recombinant adenovirus vectors to express anti-HC V hammerhead ribozymes. 

Yamada et aL, Japanese Patent Application No. JP 07231784 describe a specific poly- 
(L)-lysine conjugated hammerhead ribozyme targeted against HCV. 

Draper, U.S. Patent Nos. 5,610,054 and 5,869,253, describes enzymatic nucleic acid 
molecules capable of inhibiting replication of HCV. 

Macejak. et aL, 2000, Hepatology, 31, 769-776, describe enzymatic nucleic acid 
molecules capable of inhibiting replication of HCV. 

Weifeng and Torrence, 1997, Nucleosides and Nucleotides, 16, 7-9, describe the 
synthesis of 2-SA antisense chuneras with various non-nucleoside components. 

Torrence et aL, US patent No. 5,583,032 describe targeted cleavage of RNA using an 
antisense oligonulceotide linked to a 2',5'"oligoadenylate activator of RNase L. 

SuhadohiikandPfleiderer, US patent Nos. 5,863,905; 5,700,785; 5,643,889; 5,556,840; 
5,550,111; 5,405,939; 5,188,897; 4,924,624; and 4,859,768 describe specific intemucleotide 
phosphorothioate 2',5'-oligoadenlyates and 2',5'-oligoadenlyate conjugates. 

Budowsky et aL, US patent No. 5,962,43 1 describe a method of treating papillomavirus 
using specific 2',5'-oligoadenylates. 

Torrence et aL, International PCT publication No. WO 00/14219, describe ^ecific 
peptide nucleic acid 2',5''-oligoadenylate chimeric molecules. 

Stinchcomb et aL, US patent No. 5,817,796, describe C-myb ribozymes having 2*-5*- 
Linked Adenylate Residues. 

Draper, US patent No. 6,017,756, describes the use of ribozymes for the inhibition of 
Hepatitis B Virus. 

Passman et aL, 2000, Biochem. Biophys. Res, Commun., 268(3), 728-733.; Gan et aL, 
1998, J, Med. ColL PIA, 13(3), 157-159.; Li et aL, 1999, Jiefangjun Yixue ZazhU 24(2), 99- 
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101.; Putlitz et al, 1999, X Virol, 13(1), 5381-5387.; Kim et al, 1999, Biochem, Biophys, 
Res, Commun,, 257(3), 759-765.; Xu et al, 1998, Bingdu Xuebao, 14(4), 365-369.; Welch et 
al,, 1997, Gene Ther,, 4(7), 736-743.; Goldenberg et al, 1997, International PCT publication 
No. WO 97/08309, Wands et aL, 1997, J. of Gastroenterology and Hepatology, 12(suppl.), 
S354-S369.; Ruiz et al, 1997, BioTechniques, 22(2), 338-345.; Gan et al, 1996, 7. Med. 
Coll PLA, 11(3), 171-175.; Beck and Nassal, 1995. Nucleic Acids Res., 23(24), 4954-62.; 
Goldenberg, 1995, International PCT publication No. WO 95/22600.; Xu et aL 1993, Bingdu 
Xuebao, 9(4), 331-6.; Wang et al, 1993, Bingdu Xuebao, 9(3), 278-80, all describe 
ribozymes that are targeted to cleave a specific HBV target site. 

Hunt et al, US patent No. 5,859,226, describes specific non-naturally occurring 
oligonucleotide decoys intended to inhibit the expression of MHC-II genes through binding 
of the RF-X transcription factor, fliat can inhibit the expression of certain HBV and CMV 
viral proteins. 

Kao et al, International PCT PubUcation No. WO 00/04141, describes linear smgle 
stranded nucleic acid molecules capable of specifically binding to viral polymerases and 
inhibiting the activity of the viral polymerase. 

Lu, Intemational PCT Publication No. WO 99/20641, describes specific triplex- 
foiming oligonucleotides used in treating HBV infection. 

SUMMARY OF THE INVENTION 

This invention relates to enzymatic nucleic acid molecules that can disrupt the function 
of RNA species of hepatitis B virus (HBV), hepatitis C virus (HCV) and/or those RNA 
species encoded by HBV or HCV. ^ particular, applicant provides enzjmiatic nucleic acid 
molecules capable of specifically cleaving HBV RNA or HCV RNA and describes the 
selection and function thereof. Such enzymatic nucleic acid molecules can be used to treat 
diseases and disorders associated with HBV and HCV infection. 

In one embodiment, the invention features an enzymatic nucleic acid molecule that 
specifically cleaves RNA derived from hepatitis B virus (HBV), wherein the enzymatic 
nucleic acid molecule comprises sequence defined as Seq. ID No. 10887, 

In another embodiment, the invention features a composition comprising an en^matic 
nucleic acid molecule of the mvention and a pharmaceutically acceptable carrier. 

In another embodiment, the invention features a mammalian cell, for example a human 
cell, comprising an enzymatic nucleic acid molecule contemplated by the invention. 
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In one embodiment, the invention features a method for the treatment of cirrhosis, liver 
failure or hepatocellular carcinoma comprising administering to a patient an enzymatic 
nucleic acid molecule of the invention under conditions suitable for the treatment 

In another embodiment, the invention features a method for the treatment of a patient 
having a condition associated wifli HBV and/or HCV infection, comprising contacting cells 
of said patient with an enzymatic nucleic acid molecule of the invention. 

In another embodiment, the invention features a method for flie treatment of a patient 
having a condition associated with HBV and/or HCV infection, comprising contacting cells 
of said patient with an enzymatic nucleic acid molecule of the invention and further 
comprising the use of one or more drug therapies, for example, type I interferon or 3TC® 
(lamivudine), under conditions suitable for said treatment. In another embodiment, the other 
therapy is administered simultaneously with or separately from the enzymatic nucleic acid 
molecule. 

In another embodiment, the invention features a method for inhibiting HBV and/or 
HCV replication in a manmoalian cell comprising administering to the cell an enzymatic 
nucleic acid molecule of the invention under conditions suitable for the inhibition. 

In yet another embodiment, the invention features a method of cleaving a separate HBV 
and/or HCV RNA comprising contacting an enzynmtic nucleic acid molecule of the invention 
with the separate RNA under conditions suitable for the cleavage of the separate RNA. 

In one embodiment, cleavage by an enzymatic nucleic acid molecule of the invention is 
carried out in the presence of a divalent cation, for example Mg2+. 

In another embodiment, ttie enzymatic nucleic acid molecule of the invention is 
chemically synthesized. 

In another embodunent, the type I interferon contemplated by the mvention is 
interferon alpha, interferon beta, polyethylene glycol interferon, polyethylene glycol 
interferon alpha 2a, polyethylene glycol interferon alpha 2b, polyethylene glycol consensus 
interferon. 

In one embodiment, the invention features a composition comprising type I interferon 
and an ens^atic nucleic acid molecule of the invention and a pharmaceutically acceptable 
carrier. 

In another embodiment, the invention features a method of administering to a cell, for 
example a mammalian cell or human cell, an enzymatic nucleic acid molecule of the 
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invention independently or in conjunction with other therapeutic compounds, such as type I 
interferon or 3TC® (lamivudine), comprising contacting the cell with the enzymatic nucleic 
acid molecule under conditions suitable for flie administration. 

In another embodiment, administration of an enzymatic nucleic acid molecule of the 
invention is in the presence of a delivery reagent, for example a lipid, cationic lipid, 
phospholipid, or liposome. 

In another embodiment, tiie invention features novel nucleic acid-based techniques 
such as enzymatic nucleic acid molecules and antisense molecules and methods for their use 
to down regulate or inhibit the expression of HBV RNA and/or replication of HBV. 

In another embodiment, the invention features novel nucleic acid-based techniques 
such as enzymatic nucleic acid molecules and antisense molecules and methods for their use 
to down regulate or inhibit the expression of HCV RNA and/or replication of HCV. 

In one embodiment; die invention features the use of one or more of the enzjonatic 
nucleic acid-based techniques to down-regulate or inhibit the expression of the genes 
encoding HBV and/or HCV viral proteins. Specifically, the invention features the use of 
enzymatic nucleic acid-based techniques to specifically down-regulate or inhibit the 
expression of the HBV and/or HCV viral genome. 

Ln another embodiment, the invention features nucleic acid-based inhibitors (e,g„ 
enzymatic nucleic acid molecules (ribozymes), antisense nucleic acids, triplex DNA, decoys, 
siRNA, aptamers, and antisense nucleic acids containing RNA cleaving chemical groups) and 
methods for their use to down regulate or inhibit the expression of RNA {e.g., HBV and/or 
HCV) capable of progression and/or maintenance of hepatitis, hepatocellular carcinoma, 
cirrhosis, and/or liver failure. 

In one embodiment, nucleic acid molecules of the invention are used to treat HBV 
infected cells or an HBV infected patient wherein the HBV is resistant or the patient does not 
respond to treatment with 3TC® (Lamivudine), either alone or in combination wi& ofbei 
therapies under conditions suitable for the treatment 

In yet another embodiment, the invention features the use of an enzymatic nucleic acid 
molecule, preferably in the hammerhead, NCH (Inozyme), G-cleaver, amberzyme, zinzyme, 
and/or DNAzyme motif, to inhibit the expression of HBV and/or HCV RNA. 

The enzymatic nucleic acid molecules described herein exhibit a high degree of 
specificity for only the viral mRNA in infected cells. Nucleic acid molecules of the instant 
invention targeted to highly conserved sequence regions allow the treatment of many strains 
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of human HBV and/or HCV with a single compound. No treatment presently exists which 
specifically attacks expression of the viral gene(s) that are responsible for transformation of 
hepatocytes by HBV and/or HCV. 

The enzymatic nucleic acid-based modulators of HBV and HCV expression are useful 
for the prevention of the diseases and conditions including HBV and HCV infection, 
hepatitis, cancer, cirrhosis, liver failure, and any other diseases or conditions that are related 
to the levels of HBV and/or HCV in a cell or tissue. 

Preferred target sites are genes required for viral replication, a non-limiting example 
includes genes for protein synthesis, such as the 5' most 1500 nucleotides of the HBV 
pregenomic mRNAs. For sequence references, see Renbao et aly 1987, Set Sin,, 30, 507. 
This region controls the translational expression of the core protein (C), X protein (3Q and 
DNA polymerase (P) genes and plays a role in the rq)lication of flie viral DNA by s^ing as 
a template for reverse transcriptase. Disruption of this region in the RNA results in dejBcient 
protein synthesis as well as incomplete DNA synthesis (and inhibition of transcription from 
the defective genomes). Targeting sequences 5* of the encapsidation site can result in flie 
inclusion of the disrupted 3' RNA within the core virion structure and targeting sequences 3* 
of the encapsidation site can result in the reduction in protein expression from both the 3* and 
S* fragments. 

Alternative regions outside of the 5' most 1500 nucleotides of the pregenomic mRNA 
also make suitable targets for enzymatic nucleic acid mediated inhibition of HBV replication. 
Such targets include the mRNA regions that encode the viral S gene. Selection of particular 
target regions will depend upon the secondary structure of the pregenomic mRNA. Targets 
in the minor mRNAs can also be used, especially when folding or accessibility assays in 
these other RNAs reveal additional target sequences that are unavailable in the pregenomic 
mRNA species. 

A deshable target in the pregenomic RNA is a proposed bipartite stem-loop stmcture in 
the 3 -end of the pregenomic RNA which is believed to be critical for viral replication (Kidd 
and Kidd-Ljunggren, 1996. Nuc, Acid Res. 24:3295-3302). The 5*end of the HBV 
pregenomic RNA carries a c/^-acting encapsidation signal, which has inverted repeat 
sequences that are thought to form a bipartite stem-loop structure. Due to a terminal 
redundancy in the pregenomic RNA, the putative stem-loop also occurs at the 3'-end. While 
it is the 5' copy which functions in polymerase bmding and encapsidation, reverse 
transcription actually begins from the 3* stem-loop. To start reverse transcrption, a 4 nt 
primer which is covalently attached to Qie polymerase is made, using a bulge in the 5' 
encapsidation signal as template. This primer is then shifted, by an unknown mechanism, to 
the DRl primer binding site in the 3* stem-loop structure, and reverse transcription proceeds 
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from that point The 3' stem-loop, and especially the DRl primer binding site, appear to be 
highly effective targets for ribozyme intervention. 

Sequences of the pregenomic RNA axe shared by the mKNAs for surface, core, 
polymerase, and X proteins. Due to the overlapping nature of the HB V transcripts, all share a 
common 3 -end. Enzymatic nucleic acids targeting of this common 3'-end will thus cleave 
&e pregenomic KNA as well as all of the inRNAs for surface, core, polymerase and X 
proteins. 

At least seven basic varieties of naturally-occurring en2ymatic RNAs are known 
presently. Each can catalyze the hydrolysis of RNA phosphodiester bonds in trafis (and thus 
can cleave other RNA molecules) imder physiological conditions. Table I summarizes some 
of the characteristics of these enzymatic RNA molecules. In general, enzymatic nucleic acids 
act by first binding to a target RNA. Such binding occurs through die target binding portion 
of a enzymatic nucleic acid which is held in close proxinwty to an enzymatic portion of the 
molecule that acts to cleave the target RNA. Thus, the enzymatic nucleic acid first 
recognizes and then binds a target RNA flurough complementary base-pairing, and once 
bound to the correct site, acts enzymatically to cut the target RNA. Strategic cleavage of 
such a target RNA will destroy its ability to direct synthesis of an encoded protein. After an 
axzymatic nucleic acid has bound and cleaved its RNA target, it is released firom that RNA to 
search for anofter target and can repeatedly bind and cleave new targets. Hius, a single 
enzymatic nucleic acid molecule is able to cleave many molecules of target RNA. In 
addition, the enzymatic nucleic acid is a highly specific inhibitor of gene expression, with the 
specificity of inhibition depending not only on flie base-pairing mechanism of binding to the 
target RNA, but also on the mechanism of target RNA cleavage. Single mismatches, or base- 
substitutions, near the site of cleavage can completely eliminate catalytic activity of a an 
enzymatic nucleic acid molecule. 

The enzymatic nucleic acid molecules that cleave the specified sites in HBV-specific 
RNAs represent a novel therapeutic approach to treat a variety of pathologic indications, 
including, HBV infection, hepatitis, hepatocellular carcinoma, tumorigenesis, cirrhosis, liver 
failure and other conditions related to the level of HBV. 

In one of the preferred embodiments of the inventions described herein, the enzymatic 
nucleic acid molecule is formed in a hammerhead or hairpin motif, but can also be formed in 
the motif of a hq)atitis delta vans, group I intron, group n intron or RNase P RNA (in 
association with an RNA guide sequence), Neurospora VS RNA, DNAzymes, NCH cleaving 
motifs, or G-cleavers. Examples of such hammerhead motifs are described by Dreyfiis, 
supra, Rossi et aL, 1992, AIDS Research and Human Retroviruses 8, 183. Examples of 
hairpin motifs are described by Hampel et al^ EP0360257, Hampel and Tritz, 1989 
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Biochemistry 28, 4929, Feldstein et al, 1989, Gene 82, 53, Haseloff and Gerlach, 1989, 
Gene, 82, 43, Hampel et al, 1990 Nucleic Acids Res. 18, 299; and Chowrira & McSwiggen, 
US. Patent No. 5,63 1,359. The hepatitis delta virus motif is described by Perrotta and Been, 
1992 Biochemistry 31, 16. The KNase P motif is described by Guerrier-Takada et aL, 1983 
Cell 35, 849; Forster and Altroan, 1990, Science 249, 783; and Li and Altaian, 1996, Nucleic 
Acids Res. 24, 835. The Neurospora VS RNA ribozyme motif is described by Collins 
(Saville and Collins, 1990 Cell 61, 685-696; Saville and Collins, 1991 Proc. Natl Acad, ScL 
USA 88, 8826-8830; Collins and Olive, 1993 Biochemistry 32, 2795-2799; and Quo and 
Collins, 1995, EMBO. J. 14, 363). Group n introns are described by Griffin et aL, 1995, 
Chem. Biol 2, 761; Michels and Pyle, 1995, Biochemistry 34, 2965; and Pyle et al. 
International PCT Publication No. WO 96/22689. The Group I intron is described by Cech et 
a/., U.S. Patent 4,987,071. DNA2ymes axe described by Usman et al. International PCT 
Publication No. WO 95/11304; Chartrand et al, 1995, NAR 23, 4092; Breaker et al, 1995, 
Chem, Bio, 2, 655; and Santoro et al, 1997, PNAS 94, 4262. NCH cleaving motifs are 
described in Ludwig & Sproat, International PCT Publication No. WO 98/58058; and G- 
cleavers are described in Kore et al, 1998, Nucleic Acids Research 26, 4116-4120 and 
Eckstein et al. International PCT Publication No. WO 99/16871. Additional motifs include 
the Apta2yme (Breaker et al, WO 98/43993), Amberzyme (Class I motif; Figure 3; 
Beigelman et al. International PCT publication No. WO 99/55857) and Zinzyme (Beigelman 
et al, International PCT publication No. WO 99/55857), all these references are incorporated 
by reference herein in their totalities, including drawings and can also be used in the present 
invention. These specific motifs are not limiting in the invention and those skilled in the art 
will recognize that all that is important in an enzymatic nucleic acid molecule of this 
invention is that it has a specific substrate binding site which is complementary to one or 
more of the target gene RNA regions, and that it have nucleotide sequences within or 
surrounding that substrate binding site which impart an RNA cleaving activity to the 
molecule (Cech et al, U.S. Patent No. 4,987,071). 

In preferred embodiments of the present invention, a nucleic acid molecule, e.g., an 
antisense molecule, a triplex DNA, or a ribozyme, is 13 to 100 nucleotides in lengfli, e.g., in 
specific embodiments 35, 36, 37, or 38 nucleotides in length (e,g., for particular ribozymes or 
antisense). In particular embodiments, the nucleic acid molecule is 15-100, 17-100, 20-100, 
21-100, 23-100, 25-100, 27-100, 30-100, 32-100, 35-100, 40-100, 50-100, 60-100, 70-100, or 
80-100 nucleotides in length. Instead of 100 nucleotides being the upper limit on the length 
ranges specified above, the upper limit of tiie length range can be, for exanople, 30, 40, SO, 
60, 70, or 80 nucleotides. Thus, for any of the length ranges, the length range for particular 
embodiments has lower limit as specified, with an upper limit as specified which is greater 
than the lower limit. For example, in a particular embodiment, the length range can be 35-50 
nucleotides in length. All such ranges are expressly included. Also in particular 
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embodiments, a nucleic acid molecule can have a length which is any of the lengths specified 
above, for example, 21 nucleotides in length. 

Exemplary enzymatic nucleic acid molecules of the invention targeting HBV are shown 
in Tables V-XI. For example, enzymatic nucleic acid molecules of the invention are 
preferably between 15 and 50 nucleotides in length, more preferably between 25 and 40 
nucleotides in length, e.g., 34, 36, or 38 nucleotides in length (for example see Jarvis et al.;* 
1996, J. Biol Chem,, 271, 29107-29112). Exemplary DNAzymes of the invention are 
preferably between 15 and 40 nucleotides in length, more preferably between 25 and 35 
nucleotides in length, e.g., 29, 30, 31, or 32 nucleotides in length (see for example Santoro et 
al., 1998, Biochemistry, 37, 13330-13342; Chartrand et al, 1995, Nucleic Acids Research, 
23, 4092-4096). Exemplary antisense molecules of the invention are preferably between 15 
and 75 nucleotides in length, more preferably between 20 and 35 nucleotides in length, e.g., - 
25, 26, 27, or 28 nucleotides in length (see for example Woolf et oZ.. 1992, PNAS., 89, 7305- 
7309; Milner et al, 1997, Nature Biotechnology, 15, 537-541). Exenq)laiy triplex forming 
oligonucleotide molecules of the invention are preferably between 10 and 40 nucleotides in 
length, more preferably between 12 and 25 nucleotides in length, e.g., 18, 19, 20, or 21 
nucleotides in length (see for example Maher et al, 1990, Biochemistry, 29, 8820-8826; 
Strobel and Dervan, 1990, Science, 249, 73-75). Those skilled in the art will recognize that all * 
that is required is for the nucleic acid molecule are of length and conformation sufficient and 
suitable for the nucleic acid molecule to catalyze a reaction contemplated herein. The length 
of the nucleic acid molecules of the instant invention are not Umiting within the general limits 
stated. 

In a preferred embodiment, the invention provides a method for producing a class of . 
nucleic acid-based gene inhibiting agents which exhibit a high degree of specificity for the 
RNA of a desired target. For example, the enzymatic nucleic acid molecule is preferably 
targeted to a highly conserved sequence region of target RNAs encoding HBV proteins 
(specifically HBV RNA) such that specific treatment of a disease or condition can be 
provided with either one or several nucleic acid molecules of the invention. Such nucleic 
acid molecules can be delivered exogenously to specific tissue or cellular, targets as required. 
Alternatively, the nucleic acid molecules {e.g., ribozymes and antisense) can be expressed 
from DNA and/or RNA vectors that are delivered to specific cells. 

The enzymatic nucleic acidrbased inhibitors of HBV expression are useful for the 
prevention of the diseases and conditions including HBV infection, hepatitis, cancer, 
cirrhosis, liver failure, and any other diseases or conditions that are related to the levels of 
HBV in a cell or tissue. 
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The nucleic acid-based inhibitors of the invention are. added directly, or can be^ 
complexed with cationic lipids, packaged within liposomes, or otherwise delivered to target 
cells or tissues. The nucleic acid or nucleic acid, complexes can be locally administered to 
relevant tissues ex vivoy or in vivo through injection, infasion pump or stent, with or without 
their incorporation in biopolymers. In preferred embodiments, the enzymatic nucleic acid 
HBV inhibitors comprise sequences, which are complementary to the substrate sequences in* 
Examples of such enzymatic nucleic acid molecules also are shown in. Examples of such^ 
enzymatic nucleic acid molecules consist essentially of sequences defined in these tables. 

In yet another embodiment, the invention features antisense nucleic acid molecules 
including sequences complementary to the HBV substrate sequences shown in. Such nucleic 
acid molecules can include sequences as shown for the binding arms of the enzymatic nucleic 
acid molecules in. Similarly, triplex molecules can be provided targeted to the corresponding 
DNA target regions, and regions containing the DNA equivalent of a target sequence or a' 
sequence complementary to the specified target (substrate) sequence. Typically, antisense 
molecules are conlplementary to a target sequence along a single contiguous sequence of the 
antisense molecule. However, in certain embodiments, an antisense molecule can bind to 
substrate such that the substrate molecule forms a loop, and/or an antisense molecule can 
bind such that the antisense molecule forms a loop. Thus, the antisense molecule can be 
complementary to two (or even more) non-contiguous substrate sequences or two (or even ' 
more) non-contiguous sequence portions of an antisense molecule can be complementary to a 
target sequence or both. 

By '^consists essentially of is meant that the active nucleic acid molecule of the 
invention, for example, an enzymatic nucleic acid molecule, contains an enzymatic center or 
core equivalent to those in the examples,. and binding arms able to bind RNA such that., 
cleavage at the target site occurs. Other sequences can be present which do not interfere with 
such cleavage. Thus, a core region can, for example, include one or more loops, stem-loop 
structure, or linker which does not prevent enzymatic activity. Thus, the underlined regions 
in the sequences in can be such a loop, stem-loop, nucleotide linker, and/or non-nucleotide 
linker and can be represented generally as sequence "X". For example, a core sequence for a 
hammerhead enzymatic nucleic acid can comprise a conserved sequence, such as 5'-. 
CUGAUGAG-3' and 5'-CGAA-3' connected by **X", where X is 5^ >GCCGUUAGGC> 3^ 
(SEQ ID NO. 16201), or any other Stem 11 region known in the art, or a nucleotide and/or 
non-nucleotide linker. Similarly, for other nucleic acid molecules of the instant invention, 
such as Inozyme, G-cleaver, amberzyme, zinzyme, DNAzyme, antisense, 2-5A antisense, 
triplex forming nucleic acid, and decoy nucleic acids, other sequences or non-nucleotide 
linkers can be present that do not interfere with the function of the nucleic acid molecule. 
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In another aspect of the invention, enzymatic nucleic acids or antisense molecules that 
interact with target RNA molecules and inhibit HBV (specifically HBV RNA) activity are 
expressed from transcription units inserted into DNA or RNA vectors. The recombinant 
vectors are preferably DNA plasmids or viral vectors. Enzymatic nucleic add or antisense 
expressing viral vectors can be constructed based on, but not limited to, adeno-associated 
virus, retrovirus, adenovirus, or alphavirus. Preferably, the recombinant vectors capable of ^ 
expressing the enzymatic nucleic acids or antisense are delivered as described above, and 
persist in target cells. Alternatively, viral vectors can be used that provide for transient 
expression of enzymatic nucleic acids or antisense. Such vectors can be repeatedly 
administered as necessary. Once expressed, the enzymatic nucleic acids or antisense bind to 
the target RNA and inhibit its function or expression. Delivery of enzymatic nucleic acids or 
antisense expressing vectors can be systemic, such as by intravenous or intramuscular 
administration, by administration to target cells ex-planted from the patient followed by 
reintroduction into the patient, or by any other means that allow for introduction into the 
desired target ceU. Antisense DNA can be expressed via the use of a single stranded DNA . 
intracellular expression vector. 

In another embodiment, the invention features nucleic acid-based inhibitors {e.g:, 
enzymatic nucleic acid molecules (ribozymes), antisense nucleic acids, triplex DNA, decoys, * 
aptamers, siRNA, antisense nucleic acids containing RNA cleaving chemical groups) and 
methods for their use to down regulate or inhibit the expression of RNA (e.g., HBV) capable 
of progression and/or maintenance of liver disease and failure. 

In another embodhnent, the invention features nucleic acid-based techniques (e.g., 
enzymatic nucleic acid molecules (ribozymes), antisense nucleic acids, triplex DNA, decoys, - 
aptamers, siRNA, antisense nucleic acids containing RNA cleaving chemical groups) and 
methods for their use to down regulate or inhibit the expression of HBV RNA expression. 

In other embodiments, the invention features a method for the analysis of .HBV 
proteins. This method is usefril in determining the efficacy of HBV inhibitors. Specifically, 
the instant invention features an assay for the analysis of HBsAg proteins and secreted 
alkaline phosphatase (SEAP) control proteins to determine the efficacy of agents used to 
modulate HBV expression. 

The method consists of coating a micro-titer plate with an antibody such as anti-HBsAg 
Mab (for example, Biostride B 88-95-3 lad,ay) at 0.1 to 10 fig/ml in a buffer (for example, 
carbonate buffer, such as Na2C03 15 niM, NaHCOa 35 mM, pH 9.5) at 4''C overnight. The 
microtiter wells are then washed with PBST or the equivalent thereof, (for example, PBS, 
0.05% Tween 20) and blocked for 0.1-24 hr at 37° C with PBST, 1% BSA or the equivalent 
thereof. Following washing as above, the wells are dried (for example, at 37° C for 30 min). 



21 



wo 02/081494 



CA 02442092 2003-09-25 



PCT/US02/09187 



Biotinylated goat anti-HBsAg or an equivalent antibody (for example, Accurate YVS1807) is 
diluted (for example at 1:1000) in PBST and incubated in the wells (for example, 1 hr. at 37°* 
C). The wells are washed with PBST (for example, 4x). A conjugate, (for example, 
Streptavidin/Alkaline Phosphatase Conjugate, Pierce 21324) is diluted to 10-10,000 ng/ml in 
PBST, and incubated in the wells (for example, 1 hr. at 37^ C). After washing as above, a 
substrate (for example, p-nitrophenyl phosphate substrate, Pierce 37620) is added to the 
wells, which are then incubated (for example, 1 te. at 37° C). The optical density is then 
determined (for example, at 405 nm). SEAP levels are then assayed, for example, using the* 
Great EscAPe® Detection Kit (Clontech K2041-1), as per the manufacturers instrucdons. In 
the above example, incubation times and reagent concentrations can be varied to achieve 
optimum results, a non-limiting example is described in Example 6. 

Comparison of this HBsAg ELJSA method to a commercially available assay from 
World Diagnostics, Inc. 15271 NW 60* Ave, #201, Miami Lakes, FL 33014 (305) 827-3304 
(Cat No. EL10018) demonstrates an increase in sensitivity (signalmoise) of 3-20 fold 

This invention also relates to nucleic acid molecules directed to disrupt the function of 
HBV reverse transcriptase. In addition, the invention relates to nucleic acid molecules 
directed to disrupt the function of the Enhancer I core region of the HBV genomic DNA..In 
particular, the present invention describes the selection and function of nucleic add 
molecules, such as decoys and aptamers, capable of specifically binding to the HBV reverse ' 
transcriptase (pol) primer and modulating reverse transcription of the HBV pregenomic RNA. 
In another embodiment, the present invention relates to nucleic acid molecules, such as 
decoys, aiitisense and aptamers, capable of specifically binding to the HBV reverse 
transcriptase (pol) and modulating jeverse transcription of the HBV pregenomic RNA. In yet 
another embodiment, the present invention relates to nucleic acid molecules capable of 
specifically binding to the HBV Enhancer I core region and modulating transcription of the' 
HBV genomic DNA. The invention further relates to allosteric enzymatic nucleic acid 
molecules or "allozymes" that are used to modulate HBV gene expression. Such allozymes 
are active in the presence of HBV-derived nucleic acids, peptides, and/or proteins such as 
HBV reverse tmnscriptase and/or a HBV reverse transcriptase primer sequence, thereby 
allowing the allozyme to selectively cleave a sequence of HBV DNA or RNA. Allozymes of 
the invention are also designed to be active in the presence of HBV Enhancer I sequences ' 
and/or mutant . HBV Enhancer I sequences, thereby allowing the allozyme to selectively 
cleave a sequence of HBV DNA or RNA. These nucleic acid molecules can be used to treat 
diseases and disorders associated with HBV infection. 

In one embodiment, the invention features a nucleic acid decoy molecule that 
specifically binds the hepatitis B virus (HBV) reverse transcriptase primer sequence. In , 
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another embodiment, the invention features a nucleic acid decoy molecule that specifically 
binds the hepatitis B virus (HBV) reverse transcriptase. In yet another embodiment, the 
invention features a nucleic acid decoy molecule that specifically binds to the HBV Enhancer , 
I core sequence. 

In one embodiment, the invention features a nucleic acid aptamer ifaat specifically binds 
the hepatitis B virus (HBV) reverse transcriptase primer. In another embodimeiit, the 
invention features a nucleic acid aptamer that specifically binds the hepatitis B virus (HBV) 
reverse transcriptase. In yet another embodiment, the invention features a nucleic acid 

# 

aptamer molecule that specifically binds to the HBV Enhancer I core sequence. 

In one embodiment, the invention features an allozyme that specifically binds the 
hepatitis B virus (HBV) reverse transoiptase primer. In another embodiment, the invention 
features an allozyme that specifically binds the hepatitis B virus (HBV) reverse transcriptase. 
In yet another embodiment, the invention features an allozyme that specifically binds to the . 
HBV Enhancer I core sequence. 

In yet another embodiment, the invention features a nucleic add molecule, for example 
a triplex forming nucleic acid molecule or antisense nucleic add molecule, that binds the 
hepatitis B virus (HBV) reverse transcriptase primer. In another embodiment, the invention 
features a triplex forming nucleic acid molecule or antisense nucleic add molecule that 
specifically binds the hepatitis B virus (HBV) reverse transcriptase. In yet another; 
embodiment, the invention features a triplex forming nucleic acid molecule or antisense 
nucleic acid molecule that specifically binds to the HBV Enhancer I core sequence. 

In another embodiment, a nucleic acid molecule .of the invention binds to Hepatocyte 
Nuclear Factor 3 (HNF3) and/or Hepatocyte Nuclear Factor 4 (HNF4) binding sequence 
within the HBV Enhancer I region of HBV genomic DNA, for example the plus strand and/or 
minus strand DNA of the Enhancer I region, and blocks the binding of HNF3 and/or HNF4 to ' 
the Enhancer 1 region. 

In another embodiment, the nucleic acid molecule of the invention comprises a 
sequence having (UUCA)n domain, where n is an integer firom 1-10. In another 

embodiment, the nucleic acid molecules of the invention comprise the sequence of SBQ. ID 
NOs: 11216- 11342. 

In another embodiment, the invention features a coriiposition comprising a nucleic acid 
molecule of the invention and a pharmaceutically acceptable carrier. In another embodiment, 
the invention features a mammalian cell, for example a human cell, including a nucleic acid 
molecule contemplated by the invention. 
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In one embodiment, the invention features a method for treatment of HBV infection, 
cirrhosis, liver failure, or hepatoceHulai carcinoma, comprising administering to a patient a 
nucleic acid molecule of flie invention under conditions suitable for the treatment 

In another embodiment, the invention features a method for the treatment of a patient 
having a condition associated with HBV infection comprising contacting cells of said patient 
with a nucleic acid molecule of the invention imder conditions suitable for such treatment In 
another embodiment, the invention features a mefliod for the treatment of a patient having a 
condition associated with HBV infection comprising contacting cells of said patient with a 
nucleic acid molecule of the invention, and fiirflier comprising the use of one or more dmg 
therapies, for example type I interferon or 3TC® (lamivudine), under conditions suitable for 
said treatment In another embodiment, the other therapy is administered simultaneously 
with or separately from the nucleic acid molecule. 

In another embodiment, the invention features a method for modulating HBV 
replication in a mammalian cell comprising administering to the cell a nucleic acid molecule 
of the invention under conditions suitable for the modulation. 

In yet another embodiment flie invention features a method of modulating HBV 
reverse transcriptase activity comprising contacting a nucleic acid molecule of the invention, 
for example a decoy or aptamer, with HBV reverse transcrq)tase imder conditions suitable for 
the modulating of the HBV reverse transcriptase activity. 

In another embodiment, Ihe invention features a metixod of modulating HBV 
transcription comprising contacting a nucleic molecule of the invention with a HBV 
Enhancer I sequence under conditions suitable for the modulation of HBV transcrq)tion. 

In one embodiment, a nucleic acid molecule of tiie invention, for example a decoy or 
aptamer, is chemically synthesized. In anoftier embodiment, the nucleic acid molecule of the 
invention comprises at least one nucleic acid sugar modification. In yet another embodiment, 
the nucleic acid molecule of the invention comprises at least one nucleic acid base 
modification. In another embodiment, the nucleic acid molecule of the invention comprises 
at least one nucleic acid backbone modification. 

In another embodiment, the nucleic acid molecule of the invention comprises at least 
one 2'-0-alkyl, 2'-alkyI, 2'-alkoxylalkyl, 2'-alkylthioalkyl, 2'-amino, 2'-0-amino, or 2'-halo 
modification and/or any combination thereof with or without 2'-deoxy and/or 2'-ribo 
nucleotides. In yet another embodiment, the nucleic acid molecule of the invention 
comprises all 2*0'dSky\ nucleotides, for example, all 2'-0-allyl nucleotides. 
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In one embodiment, the nucleic acid molecule of the invention comprises a 5'-cap, 3'- 
cap, or 5 '-3 ' cap structure, for example an abasic or inverted abasic moiety. 

In another embodiment, the nucleic acid molecule of the invention is a linear nucleic 
acid molecule. In another embodiment, the nucleic acid molecule of the invention is a linear 
nucleic acid molecule that can optionally fomi a hairpin, loop, stem-loop, or other secondary 
stmcture. In yet another embodim^t, Hie nucleic acid molecule of the invention is a circular 
nucleic acid molecule. 

In one embodiment, the nucleic acid molecule of the invention is a single stranded 
oligonucleotide. In another embodiment, the nucleic acid molecule of the invention is a 
double-stranded oligonucleotide. 

In one embodiment, the nucleic acid molecule of the invention comprises an 
oligonucleotide having between about 3 and about 100 nucleotides. In another embodiment, 
the nucleic acid molecule of the invention comprises an oligonucleotide having between 
about 3 and about 24 nucleotides. In another embodiment, the nucleic acid molecule of the 
invention comprises an oligonucleotide having between about 4 and about 16 nucleotides. 

The nucleic acid decoy molecules and/or aptamers that bind to a reverse transcriptase 
and/or reverse transcriptase primer and therefore inactivate ftie reverse transcriptase, 
represent a novel therapeutic approach to treat a variety of pathologic indications, including, 
viral infection such as HBV infection, hepatitis, hepatocellular carcinoma, tumorigenesis, 
cirrhosis, liver failure and others. 

The nucleic acid molecules that bind to a HBV Enhancer I sequence and therefore 
inactivate HBV transcription, represent a novel therapeutic approach to treat a variety of 
pathologic indications, including viral infection such as HBV infection, hq)atitis, 
hepatocellular carcinoma, tumorigenesis, cirrhosis, liver failure and others conditions 
associated with the level of HBV. 

In one embodiment of the present invention, a decoy nucleic acid molecule of the 
invention is 4 to 50 nucleotides in length, in specific embodiments about 4, 5, 6, 7, 8, 9, 10, 
11, 12, 13, 14, 15, or 16 nucleotides in length. In another embodiment, a non-decoy nucleic 
acid molecule, e.g., an antisense molecule, a triplex DNA, or a ribozyme, is 13 to 100 
nucleotides in length, e.g,, in specific embodiments 35, 36, 37, or 38 nucleotides in length 
(e,g,, for particular ribozymes or antisense). In particular embodiments, the nucleic acid 
molecule is 15-100, 17-100, 20-100, 21-100, 23-100, 25-100, 27-100, 30-100, 32-100, 35- 
100, 40-100, 50-100, 60-100, 70-100, or 80-100 nucleotides in length. Instead of 100 
nucleotides being the upper limit on &e length ranges specified above, the upper limit of the 
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length range can be, for example, 30, 40, 50, 60, 70, or 80 nucleotides. Thus, for any of flie 
length ranges, flie length range for particular embodiments has lower limit as specified, with 
an upper limit as specified which is greater than the lower limit For example, in a particular 
embodiment, the length range can be 35-50 nucleotides in length. All such ranges are 
expressly included. Also in particular embodiments, a nucleic acid molecule can have a 
length which is any of the lengths specified above, for example, 21 nucleotides in length. 

Exemplary nucleic acid decoy molecules of the invention are shown in Table XIV. 
Exemplary synthetic nucleic acid molecules of the invention are shown in Table XV. For 
example, decoy molecules of the invention are between 4 and 40 nucleotides in length. 
Exemplary decoys of the invention are 4, 8, 12, or 16 nucleotides in length. In an additional 
example, enzymatic nucleic acid molecules of the invention are preferably between 15 and 50 
nucleotides in length, more preferably between 25 and 40 nucleotides in length, eg., 34, 36, 
or 38 nucleotides in length (for example see Jarvis et al, 1996, J. BioL Chem., 271, 29107- 
29112). Exemplary DNAzymes of the invention are preferably between 15 and 40 
nucleotides in length, more preferably between 25 and 35 nucleotides in length, eg., 29, 30, 
31, or 32 nucleotides in length (see for example Santoro et al, 1998, Biochemistry, 37, 
13330-13342; Chartrand et al, 1995, Nucleic Acids Research, 23, 4092-4096). Exemplary 
antisense molecules of the invention are preferably between 15 and 75 nucleotides in length, 
more preferably between 20 and 35 nucleotides in length, e,g., 25, 26, 27, or 28 nucleotides 
in lengfli (see for example Woolf et al, 1992, PNAS., 89, 7305-7309; Mihier et al, 1997, 
Nature Biotechnology, 15, 537-541). Exemplary triplex forming oligonucleotide molecules 
of the invention are preferably between 10 and 40 nucleotides in length, more preferably 
between 12 and 25 nucleotides in length, e,g., 18, 19, 20, or 21 nucleotides in length (see for 
example Maher et al, 1990, Biochemistry, 29, 8820-8826; Strobel and Dervan, 1990, 
Science, 249, 73-75). Those skilled in the art will recognize that all that is required is that the 
nucleic acid molecule is of length and conformation sufGcient and suitable for the nucleic 
acid molecule to catalyze a reaction contemplated herein. The length of the nucleic acid 
molecules of the instant invention are not limiting wifiiin the general limits stated. 

In one embodiment, the invention provides a method for producing a class of nucleic 
acid-based gene modulating agents, which exhibit a high degree of specificity for a viral 
reverse transcriptase such as HBV reverse transcriptase or revrae transcriptase primer such 
as a HBV reverse transcriptase primer. For example, the nucleic acid molecule is preferably 
targeted to a highly conserved nucleic acid binding region of the viral reverse transcriptase 
such that specific treatment of a disease or condition can be provided with either one or 
several nucleic acid molecules of the invention. Such nucleic acid molecules can be 
delivered exogenously to specific tissue or cellular targets as required. Alternatively, the 
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nucleic acid molecules can be expressed from DNA and/or RNA vectors that are delivered to 
specific cells. 

In another embodiment, the invention provides a method for producing a class of 
nucleic acid-based gene modulating agents which exhibit a high degree of specificity for a 
viral enhancer regions such as the HBV Enhancer I core sequence. For example, the nucleic 
acid molecule is preferably targeted to a higjbly conserved transcription factor-binding region 
of the viial Enhancer I sequence such that specific treatment of a disease or condition can be 
provided with either one or several nucleic acid molecules of the invention. Such nucleic 
acid molecules can be delivered exogenously to specific tissue or cellular targets as required. 
Alternatively, the nucleic acid molecules can be expressed fi:om DNA and/or RNA vectors 
that are delivered to specific cells. 

In a another embodiment the invention provides a method for producing a class of 
en2ymatic cleaving agents which exhibit a high degree of specificity for the KNA of a 
desired target The enzymatic nucleic acid molecule, nuclease activating compound or 
chimera is preferably targeted to a highly conserved sequence region of a target mRNAs 
encoding HC V or HBV proteins such that specific treatment of a disease or condition can be 
provided with either one or seveml enzymatic nucleic acids. Such nucleic acid molecules can 
be delivered exogenously to specific cells as required. Alternatively, the enzymatic nucleic 
acid molecules can be expressed fi-om DNA/RNA vectors that are delivered to specific cells. 
DNAzymes can be synthesized chemically or expressed endogenously in vivo, by means of a 
single stranded DNA vector or equivalent thereof. 

In another embodiment the nucleic acid molecule of the invention binds irreversibly to 
the HBV reverse transcrq)tase target, for example by covalent attachment of the nucleic 
molecule to the reverse transcriptase primer sequence. The covalent attachment can be 
accomplished by introducing chemical modifications into the nucleic acid molecule's (for 
example, decoy or aptamer) sequence that are capable of forming covalent bonds to the 
reverse transcriptase primer sequence. 

In another embodiment, the nucleic acid molecule of the invention binds irreversibly to 
the HBV Enhancer I sequence target, for example, by covalent attachment of the nucleic acid 
molecule to the HBV Enhancer I sequence. The covalent attachment can be accomplished by 
mtioducing chemical modifications into the nucleic acid molecule's sequence that are 
C£q)able of forming covalent bonds to the reverse transcriptase primer sequence. 

In another embodiment, the type I interferon contemplated by the invention is 
interferon alpha, interferon beta, consensus interferon, polyethylene glycol interferon. 
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polyethylene glycol interferon alpha 2a, polyethylene glycol interferon alpha 2b, 
polyethylene glycol consensus interferon. 

In one embodiment, the invention features a composition comprising type I interferon 
and a nucleic acid molecule of the inventionand a pharmaceutically acceptable carrier. 

In another embodiment, the invention features a method of administering to a cell, for 
example a mammalian cell or human cell, a nucleic acid molecule of the invention 
independently or in conjunction with other therapeutic compounds, such as type I interferon 
or 3TC® (lamivudine), comprising contacting the cell with the nucleic acid molecule under 
conditions suitable for the administration. 

In yet another embodiment, the invention features a method of administering to a cell, 
for example a mammalian cell or human cell, a nucleic acid molecule of the invention 
independently or in conjunction with other therapeutic compounds such as enzymatic nucleic 
acid molecules, antisense molecules, triplex forming oligonucleotides, 2,5-A chimeras, 
and/or RNAi, comprising contacting the cell with the nucleic acid molecule of the invention 
under conditions suitable for the administration. 

In another embodiment, administration of a nucleic acid molecule of the invention is 
administered to a cell or patient in the presence of a delivery reagent, for example a lipid, 
cationic lipid, phospholipid, or liposome. 

In one embodiment, the invention features novel nucleic acid-based techniques such as 
nucleic acid decoy molecules and/or aptamers, used alone or in combination with enzymatic 
nucleic acid molecules, antisense molecules, and/or RNAi, and methods for use to down 
regulate or modulate the expression of HBV RNA and/or replication of HBV, 

In another embodiment, the invention features the use of one or more of the nucleic 
acid-based techniques to modulate the expression of the genes encoding HBV viral proteins. 
Specifically, the invention features the use of nucleic acid-based techniques to specifically 
modulate the expression of the HBV viral genome. 

In another embodiment, the invention features the use of one or more of the nucleic 
acid-based techniques to modulate the activity, expression, or level of cellular proteins 
required for HBV replication. For example, the invention features the use of nucleic acid- 
based techniques to specifically modulate the activity of cellular proteins required for HBV 
replication. 

In another embodiment, the invention features nucleic acid-based modulators(e^., 
nucleic acid decoy molecules, aptamers, enzymatic nucleic acid molecules (ribozymes), 
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antisense nucleic acids, triplex DNA, antisense nucleic acids containing RNA cleaving 
chemical groups) and methods for their use to down regulate or modulate reverse 
transcriptase activity and/or the expression of RNA (eg,, HBV) capable of progression 
and/or maintenance of HBV infection, hepatocellular carcinoma, liver disease and failure. 

In another embodiment, the invention features nucleic acid-based techniques (e.g., 
nucleic acid decoy molecules, aptamers, enigmatic nuleic acid molecules (ribozymes), 
antisense nucleic acid molecules, triplex DNA, antisense nucleic acids containing KNA 
cleaving chemical groups) and methods for tiieh use to down regulate or modulate reverse 
transcriptase activity and/or the expression of HBV RNA. 

In another embodiment, the invention features nucleic acid-based modulators (e,g., 
nucleic acid decoy molecules, aptamers, enzymatic nucleic acid molecules (ribozymes), 
antisense nucleic acids, triplex DNA, siRNA, dsRNA, antisense nucleic acids containing 
RNA cleaving chemical groups) and methods for their use to down regulate or modulate 
Enhancer I mediated transcription activity and/or the expression of DNA (e.g., HBV) capable 
of progression and/or maintenance of HBV infection, hepatocellular carcinoma, liver disease 
and failure. 

In another embodunent, the invention features nucleic acid-based techniques (e.g., 
nucleic acid decoy molecules, aptamers, enzymatic nucleic acid molecules, antisense nucleic 
acid molecules, triplex DNA, siRNA, antisense nucleic acids containing DNA cleaving 
chemical groups) and methods for their use to down regulate or modulate Enhancer I 
mediated transcription activity and/or the expression of HBV DNA. 

In another embodiment, the invention features a nucleic acid sensor molecule having an 
enzymatic nucleic acid domain and a sensor domain that interacts wifli an HBV peptide, 
protein, or polynucleotide sequence, for example, HBV reverse transcriptase, HBV reverse 
transcriptase primer, or the Enhancer I element of the HBV pregenomic RNA, wherein such 
interaction results in modulation of the activity of the enzymatic nucleic acid domain of the 
nucleic acid sensor molecule. In another embodiment, the invention features HBV-specific 
nucleic acid sensor molecules or allozymes, and methods for their use to down regulate or 
modulate the expression of HBV RNA capable of progression and/or maintenance of 
hepatitis, hepatocellular carcinoma, cirrhosis, and/or liver failure. In yet another 
embodiment, the enzymatic nucleic acid domain of a nucleic acid sensor molecule of the 
invention is a Hammerhead, Inozyme, G-cleaver, DNAzyme, Zinzyme, Amben^yme, or 
Haiipin enzymatic nucleic acid molecule. 

In one embodiment, nucleic acid molecules of the invention are used to treat HBV- 
infected cells or a HBV-infected patient wherein the HBV is resistant or tiie patient does not 
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respond to treatment with 3TC® (Lamivudine), eiflier alone or in combination with other 
therapies under conditions suitable for the treatment 

In another embodiment, nucleic acid molecules of the invention are used to treat HBV- 
infected cells or a HBV-infected patient, wherein the HBV is resistant or the patient does not 
respond to treatment with Interferon, for example Infergen®, either alone or in combination 
with other therapies under conditions suitable for the treatment 

The invention also relates to in vitro and in vivo systems, including, e.g., mammalian 
systems for screening inhibitors of HBV. In one embodiment, the invention features a 
mouse, for example a male or female mouse, implanted with HepG2.2.15 cells, wherein the 
mouse is susceptible to HBV infection and capable of sustaining HBV DNA expression. One 
embodiment of the invention provides a mouse implanted wifh HepG2.2.1S cells, wherein 
said mouse sustains Hie propagation of HEPG2.2.15 cells and HBV production. 

In another embodiment, a mouse of the invention has been infected with HBV for at 
least One week to at least eigiht weeks, including, for example at least 4 weeks. 

In yet another embodiment, a mouse of the invention, for example a male or female 
mouse, is an immunocompromised mouse, for example a nu/nu mouse or a scid/scid mouse. 

In one embodiment, the invention features a method of producing a mouse of the 
invention, comprising injecting, for example by subcutaneous injection, HepG2.2.15 (Sells, 
et al,. 1987, Proc Natl Acad Sci U S A., 84, 1005-1009) cells into the mouse under conditions 
suitable for tiie propagation of HepG2.2.15 cells in said mouse. HepG2.2.15 cells can be 
suspended in, for example, Delbecco's PBS solution including calcium and magnesium. In 
anotiier embodiment, HepG2.2.15 cells are selected for antibiotic resistance and are then 
introduced into tiie mouse under conditions suitable for the propagation of HepG2.2.1S cells 
in said mouse. A non-limiting example of antibiotic resistant HepG2.2.15 cells include G418 
antibiotic resistant HepG2.2.15 cells. 

In another embodunent, the invention features a method of screening a compound for 
therapeutic activity against HBV, comprising administering the compound to a mouse of Ihe 
invention and monitoring the the levels of HBV produced (e.g. by assaying for HBV DNA 
levels) in the mouse. 

In one embodiment, a therapeutic compound or therapy contemplated by the invention 
is a lipid, steroid, peptide, protein, antibody, monoclonal antibody, humanized monoclonal 
antibody, small molecule, and/or isomers and analogs thereof, and/or a cell. 
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In one embodiment, a fherapeutic compound or therapy contemplated by the invention 
is a nucleic acid molecule, for example a nucleic acid molecule, such as an enzymatic nucleic 
acid molecule, antisense nucleic acid molecule, allozyme, peptide nucleic acid, decoy, triplex 
oligonucleotide, dsRNA, ssRNA, RNAi, siRNA, aptamer, or 2,5-A chimera used alone or in 
combination with another therapy, for example antiviral therapy. Antiviral therapy can be, 
for example, treatment with 3TC® (Lamivudine) or interferon. Interferon can include, for 
example, consensus interferon or type I interferon. Type I interferon can include interferon 
alpha, interferon beta, consensus interferon, polyethylene glycol interferon, polyethylene 
glycol interferon alpha 2a, polyethylene glycol interferon alpha 2b, or polyethylene glycol 
consensus interferon. 

In one embodiment, flie invention features a non-human manmial implanted with 
HepG2.2.1S cells, wherein iho non-human mammal is susceptible to HBV infection and 
capable of sustaining HBV DNA expression in the implantsd HepG2.2.15 cells. 

In another embodiment, a non-human mammal of the invention, for example a male or 
female non-human mammal, has been infected with HBV for at least one week to at least 
eight weeks, including for example at least four weeks. 

In yet another embodiment, a non-human mammal of the invention is an 
immunocompromised mammal, for example a nu/nu mammal or a scid/scid mammal. 

In one embodiment^ the invention features a method of producing a non-human 
mammal comprising HepG2.2.15 cells comprising mjecting, for example by subcutaneous 
injection, HepG2.2.15 cells into the non-human mammal under conditions suitable for the 
propagation of HepG2.2.15 cells in said non-human marmnal. 

In another embodiment, the invention features a method of screening a compound for 
therapeutic activity against HBV comprising administering the compound to a non-human 
mammal of the invention and monitoring the levels of HBV produced (e.g. by assaying for 
HBV DNA levels) in the non-human mammals. 

In one embodiment, a &erapeutic compound or therapy contemplated by the invention 
is a nucleic acid molecule, for example an enzjonatic nucleic acid molecule, allozyme, 
antisense nucleic acid molecule, decoy, triplex oligonucleotide, dsRNA, ssRNA, RNAi, 
siRNA, or 2,5-A chimera used alone or in combination with another therapy, for example 
antiviral therapy. 

Methods and chimeric immunocompromised heterologous non-human mammalian 
hosts, particularly mouse hosts, are provided for the expression of hepatitis B virus ("HBV"). 
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In one embodiment, the chimeric hosts have transplanted viable, HepG2.2.1S cells in an 
immunocompromised host 

The non-himian mammals contemplated by the invention are immunocompromised in 
normally inheriting the desired immune incapacity, or the desired immune incapacity can be 
created. For example, hosts with severe combined immunodeficiency, known as scid/scid 
hosts, are available. Rodentia, particularly mice, and equine, particularly horses, are 
presently available as scid/scid hosts, for example scid/scid mice and scid/scid rats. The 
scid/scid hosts lack functioning lymphocyte types, particularly B-cells and some T-cell types. 
In the scid/scid mouse hosts, the genetic defect appears to be a non-fimctioning recombinase, 
as the germline DNA is not rearranged to produce functioning surface immunoglobulin and 
T-cell receptors. 

Any immunodeficient non-human mammals, e.g. mouse, can be used to generate the 
animal models described herein. The term "immunodelBcient," as used herein, refers to a 
genetic alteration that impairs the animaFs ability to moimt an effective inmiune response. In 
this regard, an "effective immune response" is one which is capable of destroying invading 
pathogens such as (but not limited to) viruses, bacteria, parasites, malignant cells, and/or a 
xenogeneic or allogeneic transplant. Jn one embodiment, the immunodeficient mouse is a 
severe immunodeficient (SCID) mouse, which lacks recombinase activity that is necessary 
for the generation of immunoglobulin and functional T cell antigen receptors, and flius does 
not produce functional B and T lymphoc):tes. In another embodiment, the immunodeficient 
mouse is a nude mouse, which contains a genetic defect that results in the absence of a 
functional thymus, leading to T-cell and B-cell deficiencies. However, mice containing other 
immunodeficiencies (such as rag-1 or rag'-2 knockouts, as described in Chen et ai, 1994, 
Curr. Opin. Immunol, 6, 313-319 and Guidas et aL, 1995, X Exp. Med., 181, 1187-1195, or 
beige-nude mice, which also lack natural killer cells, as described in Kollmann et aL, 1993, /. 
Exp. Med., 177, 821-832) can also be employed. 

Hie introduction of HepG2.2.15 cells occurs with a host at an age less than about 25% 
of its normal lifespan, usually to 20% of the normal lifespan with mice, and the age will 
generally be of an age of about 3 to 10 weeks, more usually fix>m about 4 to 8 weeks. The 
mice can be of either sex, can be neutered, and can be otherwise normal, except for the 
immunocompromised state, or they can have one or more mutations, which can be naturally 
occurring or as a result of mutagenesis. 

In another embodiment; Ifae mouse model described herein is used to evaluate the 
effectiveness of thefherapeutic compounds and methods. The terms "therapeutic 
compounds", "therapeutic methods" and "therapy" as used herein, encompass exogenous 
factors, such as dietary or environmental conditions, as well as pharmaceutical compositions 
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"drugs'" and vaccines. In one embodiment, the therapeutic method is an immunotherapy, 
which can include the treatment of the HBV bearing animal with populations of HBV- 
reactive immune cells. The Aeiapeutic method can also, or alternatively, be a gene therapy 
(i.e., a therapy that involves treatment of the HBV-bearing mouse with a cell population that 
has been manipulated to express one or more genes, the products of which can possess anti- 
viral activity), see for example The Development of Human Gene Therapy, Theodore 
Friedmann, Ed. Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY, 1999. 
Therapeutic compounds of the invention can comprise a drug or composition with 
pharmaceutical activity that can be used to treat ilhess or disease. A therapeutic method can 
comprise the use of a plurality of compounds in a nuxture or a distinct entity. Examples of 
such compounds include nucleosides, nucleic acids, nucleic acid chimems, RNA and DNA 
oligonucleotides, peptide nucleic acids, enzymatic nucleic acid molecules, antisense nucleic 
acid molecules, decoys, triplex oligonucleotides, ssDNA, dsRNA, ssKNA, siRNA, 2,5-A 
chimeras, lipids, steroids, peptides, proteins, antibodies, monoclonal antibodies (see for 
example Hall, 1995, Science, 270, 915-916), small molecules, and/or isomers and analogs 
thereof. 

The methods of this invention can be used to treat human hepatitis B vkus infections, 
which include productive virus infection, latent or persistent virus infection, and HBV- 
induced hepatocyte transformation. The utility can be extended to other species of HBV that 
infect non-human animals where such infections are of veterinary importance. 

Preferred binding sites of the nucleic acid molecules of the invention include, but are 
not limited, to the primer binding site on HBV reverse transcriptase, the primer binding 
sequences of the HBV RNA, and/or the HBV Enhancer I region of HBV DNA. 

This invention further relates to nucleic acid molecules that target RNA species of 
hepatitis C virus (HCV) and/or encoded by the HCV. In one embodiment, applicant 
describes enzymatic nucleic acid molecules that specifically cleave HCV RNA and the 
selection and function thereof. The invention further relates to compounds and chimeric 
molecules comprising nuclease activating activity. The invention also relates to 
compositions and methods for the cleavage of RNA using these nuclease activating 
compounds and chimeras. Nucleic acid molecules, nuclease activating compounds and 
chimeras, and compostions and methods of the invention can be used to treat diseases 
associated with HCV infection. 

Due to the hi^ sequence variability of the HCV genome, selection of nucleic acid 
molecules and nuclease activating compounds and chimeras for broad therapeutic 
applications preferably involve the conserved regions of the HCV genome. Thus, in one 
embodiment the present invention describes nucleic acid molecules that cleave the conserved 
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regions of the HCV genome. The invention further describes compounds and chimeric 
molecules that activate cellular nucleases that cleave HCV RNA, including concerved 
regions of the HCV genome. Examples of conserved regions of the HCV genome include 
but are not limited to the 5*-Non Coding Region (NCR), the 5 '-end of Ihe core protein coding 
region, and the 3'- NCR. HCV genomic RNA contains an intemal ribosome entry site 
(IRES) in the 5'-NCR which mediates translation independently of a 5'-cap structure (Wang 
et al, 1993, J, Virol, 67, 3338-44). The full-lengfli sequence of the HCV RNA genome is 
heterologous among clinically isolated subtypes, of which there are at least 15 (Simmonds, 
1995, Hepatology, 21, 570-583), however, the 5'-NCR sequence of HCV is highly conserved 
across all known subtypes, most likely to preserve the shared IRES mechanism (Okamoto et 
aL 1991, /. General Virol, 11^ 2697-2704). In genial, en^onatic nucleic acid molecules 
and nuclease activating compounds, and chimeras that cleave sites located in the 5' end of the 
HCV genome are expected to block translation while nucleic acid molecules and nuclease 
activating compounds, and chimeras that cleave sites located in the 3* end of the genome are 
expected to block RNA replication. Therefore, one nucleic acid molecule, compound, or 
chimera can be designed to cleave all the different isolates of HCV. Enzymatic nucleic acid 
molecules and nuclease activating compounds, and chimeras designed against conserved 
regions of various HCV isolates enable efficient inhibition of HCV replication in diverse 
patient populations and ensure the effectiveness of the nucleic acid molecules and nuclease 
activating compounds, and chimeras against HCV quasi species which evolve due to 
mutations in the non-conserved regions of the HCV genome. 

In one embodiment, the invention features an enzymatic nucleic acid molecule, 
preferably in the hammerhead, NCH (Inozyme), G-cleaver, amberzyme, zinzyme and/or 
DNAzyme motif, and the use thereof to down-regulate or inhibit the expression of HCV 
RNA. 

In another embodiment, the invention features an enz}anatic nucleic acid molecule, 
preferably in the hammerhead, Inozyme, G-cleaver, amberzyme, zinzyme and/or DNAzyme 
motif, and the use thereof to down-regulate or inhibit the expression of HCV minus strand 
RNA. 

In yet another embodiment, the invention featues a nuclease activating compound 
and/or a chimera and the use thereof to down-regulate or inhibit the expression of HCV RNA. 

In another embodiment, the invention featues the use of a nuclease activating 
coiiq)ound and/or a chimera to inhibit the expression of HCVminus strand RNA. 

In one embodiment, the invention features a compound having formula I: 
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wherein is an integer selected from the group consisting of 1, 2, and 3; X2 is an 
integer greater than or equal to I; R5 is independantly selected from the group including H, 
OH, NH2, 0 NH2, alkyl, S-alkyl, 0-alkyl, 0-alkyl-S-alkyl, O-alkoxyalkyl, allyl, 0-allyl, and 
fluoro; each Rx and R2 are independantly selected from the group consisting of O and S; each 
R3 and R4 are independantly selected from the group consisting of O, N, and S; and R5 is 
selected from the group consisting of alkyl, alkylamine, an oligonucleotide having any of 
SEQ ID NOS. 11343-16182, an oligonucleotide having a sequence complementary to a 
sequence selected from the group including SEQ E) NOS. 2594-7433, and ahasic moiely. 

In another embodiment, flie abasic moiety of the instant invention is selected from the 
group consisting of: 




wherein R3 is selected from the group consisting of O, N, and S, and R7 is 
independently selected from the group consisting of H, OH, NH2, 0-NH2, alkyl, S-alkyl, O- 
alkyl, O-alkyl-S-alkyl, O-alkoxyalkyl, allyl, 0-allyl, fluoro, oligonucleotide, alkyl, 
alkylamine and abasic moiely. 

In another embodiment, the oligonucleotide R5 of Formula I having a sequence 

complementary to a sequence selected from the group consisting of SEQ ID NOS. 2594-7433 
is an enzymatic nucleic acid molecule. 
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In yet another embodiment. Hie oligonucleotide R5 of Formula I having a sequence 
complementary to a sequence selected from the group consisting of SEQ ID NOS. 2594-7433 
is an antisense nucleic acid molecule. 

In another embodiment, the oligonucleotide R5 of Formula I having a sequence 

conq)lementary to a sequence selected from the group consisting of SEQ ID NOS. 2594-7433 
is an enzymatic nucleic acid molecule selected from the group consisting of Hammerhead, 
Inozyme, G-cleavCT, DNAzyme, Amberzyme, and Zin2yme motifs. 

In another embodiment, the Inozyme enzymatic nucleic acid molecule of the instant 
invention comprises a stem n region of length greater than or equal to 2 base pairs. 

In one embodiment, the oligonucleotide R5 of Formula I having a sequence 
complementary to a sequence selected from the group consisting of SEQ ID NOS. 2594-7433 
is an enzymatic nucleic acid comprising between 12 and 100 bases complementary to an 
RNA derived from HCV. 

In another embodiment, the oligonucleotide R5 of Formula I having a sequence 
complementary to a sequence selected from the group consisting of SEQ ID NOS. 2594-7433 
is an enzymatic nucleic acid comprising between 14 and 24 bases complementary to said 
RNA derived from HCV. 

In one embodiment, the oligonucleotide R5 of Formula I having a sequence 
complementary to a sequence selected from the group consisting of SEQ ID NOS. 2594-7433 
is an antisense nucleic acid comprising between 12 and 100 bases complementary to an RNA 
derived from HCV. 

In another embodiment, the oligonucleotide R5 of Formula I having a sequence 
complementary to a sequence selected from the group consisting of SEQ ED NOS. 2594-7433 
is an antisense nucleic acid comprising between 14 and 24 bases complementary to said RNA 
derived from HCV. 

In another embodiment, the invention features a composition comprising a compound 
of Formula I, in a pharmaceutically acceptable carrier. 

In yet another embodiment, the invention features a manmialian cell comprising a 
compound of Formula 1. For example, the mammalian cell comprising a conq)oimd of 
Formula I can be a human cell 

In one embodimmt, the invention features a metiiod for the treatment of cirrhosis, liver 
failure, hepatocellular carcinoma, or a condition associated with HCV infection conqmsing 
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the step of administering to a patient a compound of Formula I under conditions suitable for 
said treatment. 

In another embodiment, the invention features a method of treatment of a patient 
having a condition associated with HCV infection comprising contacting cells of said patient 
with a compound having Formula I, and further comprising the use of one or more drug 
flierapies under conditions suitable for said treatment For example, the other therapies of die 
instant invention can be selected jfrom the group consisting of ^e I interferon, interferon 
alpha, interferon beta, consensus interferon, polyethylene glycol interferon, polyethylene 
glycol interferon alpha 2a, polyethylene glycol interferon alpha 2b, polyethylene glycol 
consensus interferon, treatment with an enzymatic nucleic acid molecule, and treatment with 
an antisense molecule. 

In another embodiment, the other therapies of the instant invention, for example type I 
iQterferon, interferon alpha, interferon beta, consensus interferon, polyethylene glycol 
interferon, polyethylene glycol interferon alpha 2a, polyethylene glycol interferon alpha 2b, 
polyethylene glycol consensus interferon, treatment with an enzymatic nucleic acid molecule, 
and treatment v/iHi an antisense nucleic acid molecule, and the compound havmg Formula I 
are administered separately m separate phannaceutically acceptable carriers. 

In yet another embodiment, the other flierapies of the instant invention, for example 
type I interferon, interferon alpha, interferon beta, consensus interferon, polyethylene glycol 
interferon, polyethylene glycol interferon alpha 2a, polyethylene glycol interferon alpha 2b, 
polyethylene glycol consensus interfwon, treatment with an enzymatic nucleic acid molecule, 
and treatment with an antisense nucleic acid molecule, and the compound having Formula I 
are administered simultaneously in a phannaceutically acceptable carrier. The invention 
features a composition comprising a compound of Formula I and one or more of the above- 
listed compounds in a phannaceutically acceptable carrier. 

In yet another embodiment, the invention features a method for inhibiting HCV 
replication in a mammalian cell comprising the step of administering to said cell a compound 
having Formula I under conditions suitable for said inhibition. 

In another embodiment, the invention features a method of cleaving a separate RNA 
molecule (i.e., HCV RNA or RNA necessary for HCV replication) comprising contacting a 
compound having Formula I with the sq^arate RNA molecule under conditions suitable for 
the cleavage of the separate RNA molecule. In one example, the method of cleaving a 
separate RNA molecule is carried out in the presence of a divalent cation, for example Mg2+. 
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In yet another embodiment the me&od of cleaving a separate RNA molecule of the 
invention is carried out in the presence of a protein nuclease, for example RNAse L. 

In one embodiment, a compound having Formula I is chemically synthesized. In one 
embodim^t, a compound having Formula I comprises at least one 2'-sugar modification, at 
least one nucleic acid base modification, and/or at least one phosphate modification. 

The nucleic acid-based modulators of the invention are added directly, or can be 
complexed with cationic lipids, packaged within liposomes, or otherwise delivered to target 
cells or tissues. The nucleic acid or nucleic acid complexes can be locally administered to 
relevant tissues ex vivo^ or in yivo through injection, infusion pump or stent, with or without 
their incorporation in biopolymers. In particular embodiments, ftie nucleic acid molecules of 
the invention comprise sequences shown in Tables IV-XI, XIV-XV and XVUI-XXUI. 
Examples of such nucleic acid molecules consist essentially of sequences defined in the 
tables. 

The nucleic acid-based inhibitors, nuclease activating compounds and chimeras of the 
invention are added directly, or can be complexed with cationic lipids, packaged within 
liposomes, or otherwise delivered to target cells or tissues. The nucleic acid or nucleic acid 
complexes, and nuclease activating compounds or chimeras can be locally administered to 
relevant tissues ex vivo, or in vivo through injection or infusion pump, with or without tiieir 
incorporation in biopolymers. In preferred embodiments, the en2ymatic nucleic acid 
inhibitors, and nuclease activating compounds or chimeras comprise sequences, which are 
complementary to the substrate sequences in Tables XVm, XIX, XX and XXm. Examples 
of such enzymatic nucleic acid molecules also are shown in Tables XVIU, XIX, XX, XXI 
and XXm. Examples of such enzymatic nucleic acid molecules consist essentially of 
sequences defined in these tables. In additional embodiments, the enzymatic nucleic acid 
inhibitors of the invention that comprise sequences which are complementary to the substrate 
sequences in Tables XVIU, XIX, XX and XXm are covalently attached to nuclease 
activating compound or chimeras of the invention, for example a compound havii^ Formula 
L 

In yet anotiier embodiment, the invention features antisense nucleic acid molecules and 
2-5A chimera including sequences complementary to the substrate sequences shown in 
Tables XVID, XIX, XX and XXUI. Such nucleic acid molecules can include sequences as 
shown for the binding arms of the enzymatic nucleic acid molecules in Tables XVm, XIX, 
XX, XXI and XXm. Similarly, triplex molecules can be provided targeted to the 
corresponding DNA target regions, and containing the DNA equivalent of a target sequence 
or a sequence complementary to the specified target (substrate) sequence. Typically, 
antisense molecules are complementary to a target sequence along a single contiguous 
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sequence of the antisense molecule. However, in ceitain embodiments, an antisense 
molecule can bind to substrate such that the substrate molecule forms a loop, and/or an 
antisense molecule can bind such that the antisense molecule forms a loop. Thus, the 
antisense molecule can be complementary to two (or even more) non-contiguous substrate 
sequences or two (or even more) non-contiguous sequence portions of an antisense molecule 
can be complementary to a target sequence or both. 

In one embodiment, the invention features nucleic acid molecules and nuclease 
activating compounds or chimeras that inhibit gene expression and/or viral replication. These 
chemically or enzymatically synthesized nucleic acid molecules can contain substrate binding 
domains fliat bind to accessible regions of their target mRNAs. The nucleic acid molecules 
also contain domains that catalyze the cleavage of RNA. The en2ymatic nucleic acid 
molecules are preferably molecules of the hammerhead, Liozyme, DNAzyme, Zinayme, 
Amberzyme, and/or G-cleaver motifs. Upon binding, die enzymatic nucleic acid molecules 
cleave die target mKNAs, preventing translation and protein accumulation. In the absence of 
the expression of the target gene, HCV gene expression and/or replication is inhibited. 

In anoflier aspect, the invention provides mammalian cells containing one or more 
nucleic acid molecules and/or expression vectors of this invention. Hie one or more nucleic 
acid molecules can independentiy be targeted to the same or different sites. 

In one embodiment, nucleic acid decoys, aptamers, siRNA, enzymatic nucleic acids or 
antisense molecules that uiteract with target protein and/or RNA molecules and modulate 
HBV (specifically HBV reverse transcriptase, or transcription of HBV genomic DNA) 
activity are expressed fiom transcription units inserted into DNA or RNA vectors. The 
recombinant vectors are preferably DNA plasmids or viral vectors. Decoys, aptamers, 
enzymatic nucleic acid or antisense expressing viral vectors can be constructed based on, but 
not limited to, adeno-associated virus, retrovirus, adenovirus, or alphavirus. Preferably, the 
recombinant vectors capable of expressing the decoys, aptamers, enzymatic nucleic acids or 
antisense are delivered as described above, and persist in target cells. Alternatively, viral 
vectors can be used that provide for transient ^ression of decoys, aptamers, siRNA, 
enzymatic nucleic acids or antisense. Such vectors can be rqjeatedly administered as 
necessary. Once expressed, the decoys, aptamers, enzymatic nucleic acids or antisense bind 
to the target protein and/or RNA and modulate its function or expression. Delivery of decoy, 
aptamer, siRNA, enzymatic nucleic acid or antisense expressing vectors can be systemic, 
such as by intravenous or intramuscular administration, by administration to target ceUs ex- 
planted fiom the patient followed by reintroduction into the patient, or by any other means 
that would allow for introduction into the desired target cell. DNA based nucleic acid 
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molecules of fhe invention can be e^qpressed via fhe use of a single stranded DNA 
intracellular expression vector. 

In one embodiment, nucleic acid molecules and nuclease activating compounds or 
chimeras are added directly, or can be complexed with cationic lipids, packaged within 
liposomes, or otherwise delivered to target cells. The nucleic acid or nucleic acid complexes 
can be locally administered to relevant tissues ex vivo, or in vivo through injection, infusion 
pump or stent, with or without their incorporation in biopolymers. In anoflier preferred 
embodiment, the nucleic acid molecule, nuclease activating compound or chimera is 
administered to the site of HBV or HCV activity (e.g., hepatocytes) in an appropriate 
liposomal vehicle. 

In another embodiment, nucleic acid molecules that cleave target molecules and mhibit 
HCV activity are expressed from transcription units inserted mto DNA or RNA vectors. The 
recombinant vectors are preferably DNA plasmids or viral vectors. Nucleic acid molecule 
expressing viral vectors can be constructed based on, but not limited to, adeno-associated 
virus, retrovirus, adenovirus, or alphavims. Preferably, the recombinant vectors capable of 
expressing the nucleic acid molecules are delivered as described above, and persist in target 
cells. Alternatively, viral vectors can be used that provide for transient expression of nucleic 
acid molecules. Such vectors can be repeatedly administered as necessary. Once expressed, 
the nucleic acid molecules cleave the target mRNA. Delivery of enzymatic nucleic acid 
molecule expressing vectors can be systemic, such as by intravenous or intramuscular 
administration, by administration to target cells ex-planted from tihe patient followed by 
reintroduction into the patient, or by any oflier means that would allow for introduction into 
the desired target cell (for a review see Couture and Stinchcomb, 1996, 7TG., 12, 510). In 
another aspect of the invention, nucleic acid molecules that cleave target molecules and 
inhibit viral replication are expressed from transcription units inserted into DNA, RNA, or 
viral vectors. Preferably, the recombinant vectors capable of expressing the nucleic acid 
molecules are locally delivered as described above, and transiently persist in smooth muscle 
cells. However, other mammalian cell vectors that direct the expression of RNA can be used 
for this purpose. 

The nucleic acid molecules of the instant invention, individually, or in combination or 
in conjunction with other dmgs, and/or therapies can be used to treat diseases or conditions 
discussed herein. For example, to treat a disease or condition associated with the levels of 
HBV or HCV, the nucleic acid molecules can be administered to a patient or can be 
administered to other appropriate cells evident to fliose skilled in the art, individually or in 
combination with one or more dmgs under conditions suitable for the treatment 
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In a fiixfher embodiment, the described molecules, such as decoys, aptamers, antisense, 
enzymatic nucleic acids, or nuclease activating compounds and chimeras can be used in 
combination with other known treatments to treat conditions or diseases discussed above. 
For example, the described molecules could be used in combination with one or more known 
therapeutic agents to treat HBV infection, HCV infection, hepatitis, hepatocellular carcinoma, 
cancer, cirrhosis, and liver failure. Such therapeutic agents can include, but are not limited 
to, nucleoside analogs selected from the group comprising Lamivudine (3TC®), L-FMAU, 
and/or adefovir dipivoxil (for a review of applicable nucleoside analogs, see Colacino and 
Staschke, 1998, Progress in Drug Research, 50, 259-322). Immunomodulators selected from 
the group comprising Type 1 Interferon, therapeutic vaccines, steriods, and 2*-5' 
oUgoadenylates (for a review of 2'-5' Oligoadenylates, see Charubala and Pfleiderer, 1994, 
Progress in Molecular and Subcellular Biology, 14, 1 13-138). 

Nucleic acid molecules, nuclease activating compounds and chimeras of the invention, 
individually, or in combination or in conjunction wi& other drugs, can be used to treat 
diseases or conditions discussed above. For example, to treat a disease or condition 
associated witii HBV or HCV levels, the patient can be treated, or other appropriate cells can 
be treated, as is evident to those skilled in the art. 

In a frirfher embodiment, the described molecules can be used in combination with 
oflier known treatments to treat conditions or diseases discussed above. For example, the 
described molecules can be used in combination with one or more known therapeutic agents 
to treat liver failure, hepatocellular carcinoma, cirrhosis, and/or other disease states associated 
with HBV or HCV infection. Additional known therapeutic agents are tiiose comprising 
antivirals, interferons, and/or antisense compounds. 

The term "inhibit" or "down-regulate" as used herein refers to the expression of the 
gene, or level of RNAs or equivalent RNAs encoding one or more protein subunits or 
components, or activity of one or more protein subimits or components, such as HBV protein 
or proteins, is reduced below that observed in the absence of the therapies of the invention. 
In one embodiment, inhibition or down-regulation with enzymatic nucleic acid molecule 
preferably is below that level observed in the presence of an enzymatically inactive or 
attenuated molecule that is able to bind to the same site on the target RNA, but is unable to 
cleave that RNA. In another embodiment, inhibition or down-regulation with antisense 
oligonucleotides is preferably below that level observed in the presence of, for example, an 
oligonucleotide with scrambled sequence or with mismatches. In another embodiment, 
inhibition or down-regulation of HBV with the nucleic acid molecule of the instant invention 
is greater in the presence of the nucleic acid molecule than in its absence. 
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The term "up-iegulate" as used herein refeis to the expression of the gene> or level of 
RNAs or equivalent RNAs encoding one or more protein subunits or components, or activity 
of one or more protein subunits or components, such as HBV or HCV protein or proteins, is 
greater than that observed in the absence of the therapies of the invention. For example, the 
expression of a gene, such as HBV or HCV genes, can be increased in order to treat, prevent, 
ameliorate, or modulate a pathological condition caused or exacerbated by an absence or low 
level of gene expression. 

The term "modulate" as used herein refers to the expression of the gene, or level of 
RNAs or equivalent RNAs encoding one or more protein subunits or components, or activity 
of one or more proteins is up-regulated or down-regulated, such that the expression, level, or 
activity is greater than or less than that observed in the absence of the therapies of the 
invention. 

The term "decoy " as used herein refers to a nucleic acid molecule, for example RNA or 
DNA, or aptamer that is designed to preferentially bind to a predetermined ligand. Such 
binding can result in the inhibition or activation of a target molecule. A decoy or aptamer can 
compete with a naturally occurring bindmg target for the binding of a specific ligand. For 
example, it has been shown ^t over-expression of HIV trans-activation response (TAR) 
RNA can act as a "decoy" and efBcienfly binds HIV tat protein, thereby preventing it fix)m 
binding to TAR sequences encoded in the HTV RNA (Sullenger et al, 1990, Cell, 63, 601- 
608). This is but a specific example and those in the art will recognize that other 
embodiments can be readily generated using techniques generally known in the art, see for 
example Gold et al, 1995, Annw Rev. Biochem., 64, 763; Brody and Gold, 2000, J, 
Biotechml, 74, 5; Sun, 2000, Curr, Opin, Mol Ther,, 2, 100; Kusser, 2000, J, BiotechnoL, 
74, 27; Hermann and Patel, 2000, Science, 287, 820; and Jayasena, 1999, Clinical Chemistry, 
45, 1 628. Similarly, a decoy can be designed to bind to HBV or HCV proteins and block the 
binding of HBV or HCV DNA or RNA or a decoy can be designed to bind to HBV or HCV 
proteins and prevent molecular interaction with flie HBV or HCV proteins. 

By "aptamer^' or "nucleic acid aptamer*' as used herein is meant a nucleic acid molecule 
that binds specifically to a target molecule wherein the nucleic acid molecule has sequence 
that is distinct fi:om sequence recognized by the target molecule in its natural setting. 
Alternately, an aptamer can be a nucleic acid molecule that binds to a target molecule where 
the target molecule does not naturally bind to a nucleic acid. The target molecule can be any 
molecule of interest For example, the aptamer can be used to bind to a ligand-binding 
domain of a protein, thereby preventing interaction of the naturally occurring ligand with the 
protein. This is a non-limiting example and those in the art will recognize that other 
embodiments can be readily generated using techniques generally known in the art, see for 
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example Gold et al„ 1995, Annu. Rev. Biochem,, 64, 763; Brody and Gold, 2000, J, 
BiotechnoL, 74, 5; Sim, 2000, Cwrr. Opin. Mol Ther,, 2, 100; Kusser, 2000, / Biotechnol, 
74, 27; Hermami and Patel, 2000, Science, 287, 820; and Jayasena, 1999, Clinical Chemistry, 
45, 1628. 

By "enzymatic nucleic acid molecule" is meant a nucleic acid molecule that has 
conq)lementarity in a substrate binding region to a specijSed gene target, and also has an 
enzymatic activity which is active to specifically cleave a target RNA molecule. That is, the 
enzymatic nucleic acid molecule is able to intermolecularly cleave a KNA molecule and 
thereby inactivate a target RNA molecule. These complementary regions allow sufficient 
hybridization of the enzymatic nucleic acid molecule to a target RNA molecule and thus 
permit cleavage. One hundred percent complementarity is preferred, but complementarity as 
low as 50-75% may also be useful in this invention (see for example Werner and Uhlenbeck, 
1995, Nucleic Acids Research, 23, 2092-2096; Hammann et al, 1999, Antisense and Nucleic 
Acid Drug Dev,, 9, 25-31). The nucleic acids can be modified at the base, sugar, and/or 
phosphate groups. The term enzymatic nucleic acid is used interchangeably with phrases such 
as ribozymes, catalytic RNA, enzymatic RNA, catalytic DNA, aptazyme or aptamer-binding 
ribozyme, regulatable ribozyme, catalytic oligonucleotides, nucleozyme, DNAzyme, RNA 
enzyme, endoribonuclease, endonuclease, minizyme, leadzyme, oligozyme or DNA enzyme. 
All of these terminologies describe nucleic acid molecules with enzymatic activity. The 
specific enzymatic nucleic acid molecules described in the instant application are not limiting 
in the invention and those skilled in the art will recognize that all that is important in an 
enzymatic nucleic acid molecule of this invention is that it have a specific substrate binding 
site which is complementary to one or more of the target nucleic acid regions, and that it have 
nucleotide sequences within or surrounding that substrate binding site which impart a nucleic 
acid cleaving activity to the molecule (Cech et al., U.S. Patent No. 4,987,071; Cech et al., 
1988, JAMA 260:20 3030-4). 

By "nucleic acid molecule" as used herein is meant a molecule comprising nucleotides. 
The nucleic acid can be single, double, or multiple stranded and can comprise modified or 
uiunodified nucleotides or non-nucleotides or various mixtures and combinations fliereof 

By "enzymatic portion" or "catalytic domain" is meant that portion/region of the 
enzymatic nucleic acid molecule essential for cleavage of a nucleic acid substrate (for 
example see Figures 1-5). 

By "substrate binding arm" or "substrate binding domain" is meant that portion/region 
of a ribozyme which is complementary to (/.e, able to base-pair with) a portion of its 
substrate. Generally, such complementarity is 100%, but can be less if desired. For example, 
as few as 10 bases out of 14 may be base-paired (see for example Werner and Uhlenbeck, 
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1995, Nucleic Acids Research, 23, 2092-2096; Hammaim et al, 1999, Antisense and Nucleic 
Acid Drug Dev., 9, 25-31). Such arms are showa generally in Figures 1-5. That is, these 
arms contain sequences within a ribozyme which are intended to bring ribozyme and target 
RNA together through complementary base-pairing interactions. The ribozyme of the 
invention can have binding arms that are contiguous or non-contiguous and may be of 
varying lengths. The length of the binding arm(s) are preferably greater than or equal to four 
nucleotides and of suf35cient length to stably interact with die target RNA; specifically 12- 
100 nucleotides; more specifically 14-24 nucleotides long (see for example Werner and 
Uhlenbeck, supra; Hamman et al, supra; Hampel et al., EP0360257; Berzal-Herrance et al, 
1993, EMBO J., 12, 2567-73). If two binding arms are chosen, flie design is such that the 
length of the binding arms are symmetrical {i.e., each of the binding arms is of the same 
length; eg., five and five nucleotides, six and six nucleotides or seven and seven nucleotides 
long) or asymmetrical {i,e,, the binding arms are of different length; e.g., six and three 
nucleotides; three and six nucleotides long; four and five nucleotides long; four and six 
nucleotides long; four and seven nucleotides long; and the like). 

By "nuclease activating compoimd" is meant a compound, for example a compound 
having Formula I, that activates the cleavage of an RNA by a nuclease. The nuclease can 
comprise RNAse L. By "nuclease activating chimera" or '^chimera" is meant a nuclease 
activating compoimd, for example a compound having Formula I, that is attached to a nulceic 
acid molecule, for example a nucleic acid molecule that binds preferentially to a target RNA. 
These chimeric nucleic acid molecules can comprise a nuclease activating compound and an 
antisense nucleic acid molecule, for example a 2',5'-oligoadenylate antisense chimera, or an 
enzymatic nucleic acid moleucle, for example a 2',5'-oUgoadenylate enzymatic nucleic acid 
chimera. 

By "Inozyme" or **NCH" motif or configuration is meant, an enzymatic nucleic acid 
molecule comprising a motif as is generally described as NCH Rz in Ludwig et al, 
International PCT Publication No. WO 98/58058 and US Patent Application Serial No. 
08/878,640. Inozymes possess endonuclease activity to cleave RNA substrates having a 
cleavage triplet NCH/, where N is a nucleotide, C is cytidine and H is adenosine, uridine or 
cytidine, and / represents the cleavage site. Inozymes can also possess endonuclease activity 
to cleave RNA substrates having a cleavage triplet NCN/, where N is a nucleotide, C is 
cytidine, and / represents the cleavage site. 

By "G-cleavef motif or configuration is meant, an enzymatic nucleic acid molecule 
comprising a motif as is generally described in Eckstein et al, US 6,127,173 and in Kore et 
al, 1998, Nucleic Acids Research 26, 41 16-4120. G-cleavers possess endonuclease activity 
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to cleave RNA substrates having a cleavage triplet NYN/, where N is a nucleotide, Y is 
uridine or cytidine and / represents the cleavage site. G-cleavers can be chemically modified. 

By "zdnzyme" motif or configuration is meant, an enzymatic nucleic acid molecule 
comprising a motif as is generally described in Beigehnan et al, International PCX 
publication No. WO 99/55857 and US Patent Application Serial No. 09/918,728. Zin2ymes 
possess endonuclease activity to cleave RNA substrates having a cleavage triplet including 
but not limited to, YG/Y, where Y is uridine or cytidine, and G is guanosine and / represents 
the cleavage site. Zinzymes can be chemically modified to increase nuclease stability 
through various substitutions, including substituting 2'-0-me1hyl guanosine nucleotides for 
guanosine nucleotides. In addition, differing nucleotide and/or non-nucleotide linkers can be 
used to substitute the 5'-gaaa-2' loop of the motif. Zinzymes represent a non-limiting 
example of an enzymatic nucleic acid molecule that does not require a ribonucleotide (2'- 
OH) group within its own nucleic acid sequence for activity. 

By "amberzyme" motif or configuration is meant, an enzymatic nucleic acid molecule 
comprising a motif as is generally described in Beigehnan et al, International PCT 
publication No. WO 99/55857 and US Patent Application Serial No- 09/476^87. 
Amberzymes possess endonuclease activity to cleave RNA substrates having a cleavage 
triplet NG/N, where N is a nucleotide, G is guanosine, and / represents the cleavage site. 
Amberzymes can be chemically modified to increase nuclease stability. In addition, differing 
nucleoside and/or non-nucleoside linkers can be used to substitute the 5'-gaaa-3' loops of the 
motif. Amberzymes represent a non-limiting example of an enzymatic nucleic acid molecule 
that does not require a ribonucleotide (2'-0H) group within its own nucleic acid sequence for 
activity. 

By *DNAzyme' is meant, an enzymatic nucleic acid molecule that does not require the 
presence of a 2*-0H group within its own nucleic acid sequence for activity. In particular 
^bodiments, the enzymatic nucleic acid molecule can have an attached linker or linkers or 
other attached or associated groups, moieties, or chains containing one or more nucleotides 
with 2'-OH groups. DNAzymes can be synthesized chemically or e:q)ressed endogenously in 
vivo, by means of a single stranded DNA vector or equivalent thereof. Non-limiting 
examples of DNAzymes are generally reviewed m Usman et al, US patent No,, 6,159,714; 
Chartrand et al, 1995, 23, 4092; Breaker et al, 1995, Chem. Bio, 2, 655; Santoro et al, 
1997, PNAS 94, 4262; Breaker, 1999, Nature Biotechnology, 17, 422-423; and Santoro et al, 
2000, J, Am, Chem. Sac, 122, 2433-39. The "10-23" DNAzyme motif is one particular type 
of DNAayme that was evolved using in vitro selection as generally described in Joyce et al, 
US 5,807,718 and Santoro et al, supra. Additional DNAzyme motifs can be selected for 
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using techniques similar to &ose described in these references, and hence, are within the 
scope of the present invention. 

By "nucleic acid sensor molecule" or "allozyme" as used herein is meant a nucleic 
acid molecule comprising an enzymatic domain and a sensor domain, where the enzymatic 
nucleic acid donoiain^s ability to catalyze a chemical reaction is dependent on the interaction 
with a target signaling molecule, such as a nucleic acid, polynucleotide, oligonucleotide, 
peptide, polypeptide, or protein, for example HB V RT, HBV RT primer, or HBV Enhancer I 
sequence. The introduction of chemical modifications, additional functional groups, and/or 
linkers, to the nucleic acid sensor molecule can provide enhanced catalytic activity of the 
nucleic acid sensor molecule, increased binding affinity of the sensor domain to a target 
nucleic acid, and/or improved nuclease/chemical stability of tiie nucleic acid sensor 
molecule, and are hence within the scope of the present invention (see for example Usman et 
al, US Patent Application No. 09/877,526, George et al, US Patent Nos. 5,834,186 and 
5,741,679, Shih et al, US Patent No. 5,589,332, Nathan et aL US Patent No 5,871,914, 
Nathan and Ellington, International PCT publication No. WO 00/24931, Breaker et al, 
International PCT Publication Nos. WO 00/26226 and 98/27104, and SuUenger et al, US 
Patent Application Serial No. 09/205,520). 

By ''sensor conqx)nenf ' or ''sensor domain" of flie nucleic acid sensor molecule as 
used herein is meant, a nucleic acid sequence (e.g., RNA or DNA or analogs thereoQ which 
interacts with a target signaling molecule, for example a nucleic acid sequence in one or more 
regions of a target nucleic acid molecule or more than one target nucleic acid molecule, and 
which interaction causes the enzymatic nucleic acid component of the nucleic acid sensor 
molecule to either catalyze a reaction or stop catalyzing a reaction. In the presence of target 
signaling molecule of the invention, such as HBV RT, HBV RT primer, or HBV Rihancer I 
sequence, the ability of the sensor component, for example, to modulate the catalytic activity 
of the nucleic acid sensor molecule, is altered or diminished in a manner that can be detected 
or measured. The sensor component can comprise recognition properties relating to chemical 
or physical signals capable of modulating the nucleic acid sensor molecule via chemical or 
physical changes to the stmcture of the nucleic acid sensor molecule. The sensor component 
can be derived from a naturally occurring nucleic acid binding sequence, for example, RNAs 
that bind to other nucleic acid sequences in vivo. Alternately, the sensor component can be 
derived from a nucleic acid molecule (aptamer), which is evolved to bind to a nucleic acid 
sequence within a target nucleic acid molecule. The sensor component can be covalentiy 
linked to the nucleic acid sensor molecule, or can be non-covalentty associated. A person 
skilled in the art will recognize that all tiiat is required is that the sensor component is able to 
selectively modulate the activity of the nucleic acid sensor molecule to catalyze a reaction. 
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By "target molecule" or "target signaling molecule" is meant a molecule capable of 
interacting with a nucleic acid sensor molecule, specifically a sensor domain of a nucleic acid 
sensor molecule, in a manner that causes the nucleic acid sensor molecule to be active or 
inactive. The interaction of the signaling agent with a nucleic acid sensor molecule can result 
in modification of the enzymatic nucleic acid component of the nucleic acid sensor molecule 
via chemical, physical, topological, or conformational changes to the structure of the 
molecule, such that the activity of the enzymatic nucleic acid component of the nucleic acid 
sensor molecule is modulated, for example is activated or inactivated. Signaling agents can 
comprise target signaling molecules such as macromolecules, ligands, small molecules, 
metals and ions, nucleic acid molecules including but not limited to RNA and DNA or 
analogs thereof, proteins, peptides, antibodies, polysaccharides, lipids, sugars, microbial or 
cellular metabolites, pharmaceuticals, and organic and inorganic molecules in a purified or 
unpurified form, for example HBV RT or HBV RT primer. 

By "sufficient length" is meant a nucleic acid molecule long enough to provide the 
intended function under the expected condition. For example, a nucleic acid molecule of the 
invention needs to be of "sufficient length" to provide stable binding to a target site under the 
expected binding conditions and environment In another non-limitmg example, for the 
binding arms of an enzymatic nucleic acid, "sufiBcient length" means that the binding arm 
sequence is long enough to provide stable binding to a target site under the e3q>ected reaction 
conditions and environment The bmding arms are not so long as to prevent useful turnover 
of the nucleic acid molecule. By "stably interacf ' is meant interaction of the oligonucleotides 
with target nucleic acid (e.g., by forming hydrogen bonds with complementary nucleotides in 
the target imder physiological conditions) that is sufficient for the intended purpose (e.g., 
cleavage of target RNA by an enzyme). 

By "equivalent" RNA to HBV or HCV is meant to include those naturally occurring 
RNA molecules having homology (partial or complete) to HBV or HCV proteins or encoding 
for proteins with similar function as HBV or HCV in various organisms, including human, 
rodent, primate, rabbit, pig, protozoans, fungi, plants, and other microorganisms and 
parasites. The equivalent RNA sequence also includes in addition to the coding region, 
regions such as S'-imtranslated region, 3 '-untranslated region, introns, intron-exon junction 
and the like. 



The term "component of HBV or HCV as used herein refers to a peptide or protein 
subunit expressed firom a HBV or HCV gene. 
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By '^homology'* is meant the nucleotide sequence of two or more nucleic acid 
molecules is partially or completely identical. 

By "antisense nucleic acid", it is meant a non-enzymatic nucleic acid molecule that 
binds to target RNA by means of RNA-RNA or KNA-DNA or KNA-PNA (protem nucleic 
acid; Egholm et aL, 1993 Nature 365, 566) interactions and alters the activity of the target 
RNA (for a review, see Stein and Cheng, 1993 Science 261, 1004 and Woolf et aL, US patent 
No. 5,849,902). Typically, antisense molecules are complementary to a target sequence 
along a single contiguous sequence of the antisense molecule. However, in certain 
embodiments, an antisense molecule can bind to substrate such that the substrate molecule 
forms a loop, and/or an antisense molecule can bind such that the antisense molecule forms a 
loop. Thus, the antisense molecule can be complementary to two or more non-contiguous 
substrate sequences or two or more non-contiguous sequence portions of an antisense 
molecule can be complementary to a target sequence, or both. For a review of current 
antisense strategies, see Schmajuk et al, 1999, X Biol Chem., 274, 21783-21789, Delihas et 
aL, 1997, Nature, 15, 751-753, Stein etaL, 1997, Antisense N A. Drug Dev., 7, 151, Crooke, 
2000, Methods EnzymoL, 313, 3-45; Crooke, 1998, Biotech, Genet. Eng. Rev,, 15, 121-157, 
Crooke, 1997, Ad, PhannacoL, 40, 1-49. Antisense molecules of flie instant invention can 
include 2-5 A antisense chimera molecules. In addition, antisense DNA can be used to target 
RNA by means of DNA-RNA interactions, hereby activating RNase H, which digests the 
target RNA in the duplex. The antisense oligonucleotides can comprise one or more RNAse 
H activating region that is capable of activating RNAse H cleavage of a target RNA. 
Antisense DNA can be synthesized chemically or expressed via the use of a single stranded 
DNA expression vector or equivalent thereof. 

By "RNase H activating region" is meant a region (generally greater than or equal to 4- 
25 nucleotides in length, preferably from 5-11 nucleotides in lengfli) of a nucleic acid 
molecule capable of binding to a target RNA to form a non-covalent complex that is 
recognized by cellular RNase H enzyme (see for example Arrow et al, US 5,849,902; Arrow 
et aL, US 5,989,912). The RNase H enzyme binds to the nucleic acid molecule-target RNA 
coniplex and cleaves the target RNA sequence. The RNase H activating region comprises, 
for example, phosphodiester, phosphorothioate (for example, at least four of the nucleotides 
are phosphorothiote substitutions; more specifically, 4-11 of the nucleotides are 
phosphorothiote substitutions), phosphorodithioate, 5'-thiophosphate, or melhylphosphonate 
backbone chemistry or a combination thereof In addition to one or more backbone 
chemistries described above, the RNase H activating region can also comprise a variety of 
sugar chemistries. For example, the RNase H activating region can comprise deoxyribose, 
arabino, fluoroarabuio or a combination thereof, nucleotide sugar chemistiy. Those skilled in 
the art will recognize that the foregoing are non-limiting examples and that any combination 
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of phosphate, sugar and base chemistry of a nucleic acid that supports the activity of RNase 
H enzyme is within the scope of the definition of &e RNase H activating region and the 
instant invention. 

By **2-5A antisense" or "2-5A antisense chimera" is meant an antisense oligonucleotide 
containing a 5 -phosphoxylated 2 -5 -Imked adenylate residue. These chimeras bind to target 
RNA in a sequence-specific manner and activate a cellular 2-5A-<lependent ribonuclease 
which, in turn, cleaves the target KNA (Torrence et al., 1993 Proc. Natl. Acad, Sci. USA 90, 
1300; Silverman et al, 2000, Methods En^oL, 313, 522-533; Player and Tonence, 1998, 
Pharmacol. Ther., 78, 55-1 13). 

By **triplex nucleic acid" or "triplex oligonucleotide" it is meant a polynucleotide or 
oligonucleotide that can bind to a double-stranded DNA in a sequence-specific manner to 
form a triple-strand helix. Formation of such triple helix structure has been shown to 
modulate transcription of the targeted gene (Duval- Valentin et al, 1992, Proc, Natl Acad. 
SctUSA, 89, 504). Triplex nucleic acid molecules of the invention also include steric blocker 
nucleic acid molecules that bind to the Enhancer I region of HB V DNA (plus strand and/or 
minus strand) and prevent translation of HBV genomic DNA. 

The term "single stranded RNA" (ssRNA) as used herein refers to a naturally occurring 
or synthetic ribonucleic acid molecule comprising a linear single strand, for example a 
ssRNA can be a messenger RNA (mRNA), transfer RNA (tRNA), ribosomal RNA (rRNA) 
etc. of a gene. 

The term "single stranded DNA" (ssDNA) as used herein refers to a naturally occurring 
or synthetic deoxyribonucleic acid molecule comprising a linear single strand, for example, a 
ssDNA can be a sense or antisense gene sequence or EST (Expressed Sequence Tag). 

The term "allozyme" as used herein refers to an allosteric enzymatic nucleic acid 
molecule, see for example George a/., US Patent Nos. 5,834,186 and 5,741,679, Shihetal, 
US Patent No. 5,589,332, Nathan et al, US Patent No 5,871,914, Nathan and Ellington, 
International PCT publication No. WO 00/24931, Breaker et al, International PCT 
Publication Nos. WO 00/26226 and 98/27104, and SuUenger et al. International PCT 
publication No. WO 99/29842. 

The term "2-5A chimera" as used herein refers to an oligonucleotide containing a 5 - 
phosphorylated 2 -5 -linked adenylate residue. These chimeras bind to target RNA in a 
sequence-specific maimer and activate a cellular 2-S A-dependent ribonuclease which, in turn, 
cleaves the target RNA (Torrence et al, 1993 Proc. Natl Acad Scl USA 90, 1300; 
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Silverman et al, 2000, Methods Enzymol, 313, 522-533; Player and Torrence, 1998, 
PharmacoL Ther,, 78, 55-113). 

The term "double stranded RNA" or "dsRNA" as used herein refers to a double 
stranded RNA molecule capable of RNA interference "RNAi", including short interfering 
RNA "siRNA" see for exanq)le Bass, 2001, Nature, 411, 428-429; Elbashir et aL, 2001, 
Nature, 411, 494-498; and Kreutzer et aL, International PCT Publication No. WO 00/44895; 
Zemicka-Goetz et aL, International PCT Publication No. WO 01/36646; Fire, Mtemational 
PCT Publication No. WO 99/32619; Plaetinck et aL, International PCT Publication No. WO 
00/01846; Mello and Fire, International PCT Publication No. WO 01/29058; Deschamps- 
Depaillette, International PCT Publication No. WO 99/07409; and Li et aL, International PCT 
Publication No. WO 00/44914. 

By "gene" it is meant, a nucleic acid that encodes an RNA, for example, nucleic acid 
sequences including, but not limited to, structural genes encoding a polypeptide. 

By "complementarity" is meant Ifaat a nucleic acid can form hydrogen bond(s) with 
another nucleic acid sequence by either traditional Watson-Crick or odier non-traditional 
types. In reference to the nucleic molecules of the present invention, the binding free energy 
for a nucleic acid molecule with its target or complementary sequence is sufficient to allow 
the relevant function of the nucleic acid to proceed, e.g., ribozyme cleavage, antisense or 
triple helix modulation. Determination of binding free energies for nucleic acid molecules is 
well known in the art (see, e.g.. Turner et aL, 1987, CSHSymp. Quant BioL LII pp. 123-133; 
Frier et aL, 1986, Proc. Nat Acad. Sou USA 83:9373-9377; Turner et aL, 1987, J. Am, Chem. 
Soc. 109:3783-3785). A percent complementarity indicates the percentage of contiguous 
residues in a nucleic acid molecule that can form hydrogen bonds (e.g., Watson-Crick base 
pairing) with a second nucleic acid sequence (e.g., 5, 6, 7, 8, 9, 10 out of 10 being 50%, 60%, 
70%, 80%, 90%, and 100% complementary). "Perfectiy complementary" means that all tiie 
contiguous residues of a nucleic acid sequence will hydrogen bond with the same number of 
contiguous residues in a second nucleic acid sequence. 

As used herein "cell" is used in its usual biological sense, and does not refer to an entire 
multicellular organism, e.g., specifically does not refer to a human. The cell can be present in 
an organism, e.g., birds, plants and mammals such as humans, cows, sheep, apes, monkeys, 
swine, dogs, and cats. The cell can be prokaryotic (e.g., bacterial cell) or eukaryotic (e.g., 
mammalian or plant cell). 

By "HBV proteins" or "HCV proteins" is meant, a protein or a mutant protein 
derivative thereof, comprising sequence expressed and/or encoded by the HBV genome. 
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By ^Inghly conserved sequence legion" is meant a nucleotide sequence of one or more 
regions in a target gene does not vary significantly from one generation to the ofher or from 
one biological system to the other. 

By "highly conserved nucleic acid binding region" is meant an amino acid sequence of 
one or more regions in a target protein that does not vary significantly from one generation to 
the other or from one biological system to the other. 

By "related to the levels of HBV" is meant that the reduction of HBV expression 
(specifically HBV gene) RNA levels and thus reduction in the level of tiie respective protein 
will relieve^ to some extent, the symptoms of the disease or condition. 

By "related to the levels of HCV" is meant that the reduction of HCV expression 
(specifically HCV gene) RNA levels and thus reduction in the level of the respective protein 
will relieve, to some extent, the symptoms of the disease or condition. 

By "RNA" is meant a molecule comprising at least one ribonucleotide residue. By 
"ribonucleotide'' is meant a nucleotide with a hydroxyl group at the 2' position of a P-D-ribo- 
furanose moiety. 

By "vector" is meant any nucleic acid- and/or viral-based technique used to express 
and/or deliver a desired nucleic acid. 

By "patient" is meant an organism, which is a donor or recipient of explanted cells or 
the cells themselves. "Patient" also refers to an organism to which the nucleic acid molecules 
of the invention can be administered. In one embodiment, a patient is a mammal or 
mammalian cells. In another embodiment, a patient is a human or human cells. 

Other features and advantages of the invention will be apparent from the following 
description of the preferred embodiments thereof, and from tiie claims. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

First the drawings will be described briefly. 
Drawings 

Figure 1 shows the secondary stmcture model for seven difierent classes of enzymatic 

nucleic acid molecules. Arrow indicates the site of cleavage. indicate the target 

sequence. Lines interspersed with dots are meant to indicate tertiary interactions. - is meant to 
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indicate base-paired interaction. Group I Intron: P1-P9.0 represent various stem-loop 
structures (Cech et aL, 1994, Nature Struc, Bio,, U 273). RNase P (MIRNA): EGS 
represents external guide sequence (Forster et aL, 1990, Science^ 249, 783; Pace et aL, 1990, 
J, BioL Chem,, 265, 3587). Group n Intron: 5'SS means 5' splice site; 3'SS means 3 '-splice 
site; DBS means intron binding site; EBS means exon binding site (Pyle et aL, 1994, 
Biochemistry, 33, 2716). VS RNA: I-VI are meant to indicate six stem-loop structures; 
shaded regions are meant to indicate tertiary interaction (Collins, International PCX 
Publication No. WO 96/19577). HDV Ribozyme: I-IV are meant to indicate four stem-loop 
structures(Beenera/., US Patent No. 5,625,047). Hammerhead Ribozyme: I-III are meant 
to indicate three stem-loop structures; stems I-UI can be of any length and may be 
symmetrical or asymmetrical (Usman et aL, 1996, Curr. Op, Struct Bio,, 1, 527). Hairpin 
Ribozyme: Helix 1 , 4 and 5 can be of any length; Helix 2 is between 3 and 8 base-pairs long; 
Y is a pyrimidine; Helix 2 (H2) is provided with a least 4 base pairs {i,e., n is 1, 2, 3 or 4) 
and helix 5 can be optionally provided of length 2 or more bases (preferably 3-20 bases, ie., 
m is from 1 - 20 or more). Helix 2 and helix 5 may be covalently linked by one or more 
bases (i.e., r is > 1 base). Helix 1, 4 or 5 may also be extended by 2 or more base pairs (e.g., 
4-20 base pairs) to stabilize the ribozyme structure, and preferably is a protein binding site. 
In each instance, each N and N independently is any normal or modified base and each dash 
represents a potential base-pairing interaction. These nucleotides may be modified at the 
sugar, base or phosphate. Complete base-pairing is not required in the helices, but is 
preferred. Helix 1 and 4 can be of any size (i,e., o and p is each independently from 0 to any 
number, e,g„ 20) as long as some base-pairing is maintained. Essential bases are shown as 
specific bases in the structure, but those in the art will recognize that one or more may be 
modified chemically (abasic, base, sugar and/or phosphate modifications) or replaced with 
another base without significant effect. Helix 4 can be formed from two separate molecules, 
Le., without a connecting loop. The connecting loop when present may be a ribonucleotide 
with or without modifications to its base, sugar or phosphate. "q" > is 2 bases. The 
connecting loop can also be replaced with a non-nucleotide linker molecule. H refers to 

bases A, U, or C. Y refers to pyrimidine bases. " refers to a covalent bond. (Burke et 

aL, 1996, Nucleic Acids &MoL BioL, 10, 129; Chowrira a/., USPatentNo. 5,631,359). 

Figure 2 shows examples of chemically stabilized ribozyme motifs. HH Rz, 
represents hammerhead ribozyme motif (Usman et aL, 1996, Curr, Op. Struct Bio., 1, 527); 
NCH Rz represents the NCH ribozyme motif (Ludwig & Sproat, International PCT 
Publication No. WO 98/58058); G-Cleaver, represents G-cleavCT ribozyme motif (Kore et 
aLy 1998, Nucleic Acids Research, 26, 4116-4120). N or n, represent independently a 
nucleotide which may be same or different and have complementarity to each other; rl, 
represents ribo-Inosine nucleotide; arrow indicates the site of cleavage within the target. 
Position 4 of the HH Rz and the NCH Rz is shown as having 2'-C-allyl modification, but 
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fhose skilled in llie art will recognize that Ibis position can be modified with other 
modifications well known in the art, so long as such modifications do not significantly inhibit 
the activity of the ribozyme. 

Figure 3 shows an example of the Amber2yme ribozyme motif that is chemically 
stabilized (see, for example, Beigelman et al.. International PCX publication No. WO 
99/55857; also referred to as Class I Motif). ITie Amberzyme motif is a class of enzymatic 
nucleic acid molecules that do not require &e presence of a ribonucleotide (2'-0H) groiq) for 
activity. 

Figure 4 shows an example of the Zinzyme A ribozyme motif that is chemically 
stabilized (see, for example, International PCT publication No. WO 99/55857; also referred 
to as Class A Motif). The Zinzyme motif is a class of enzymatic nucleic acid molecules that 
do not require flie presence of a ribonucleotide (2*-OH) group for activity. 

Figure 5 shows an example of a DNAzyme motif described by Santoro et al, 1997, 
PNAS, 94, 4262. 

Figure 6 is a bar graph showing the percent change in serum HBV DNA levels 
following fourteen days of ribozyme treatment m HBV transgenic mice. Ribozymes 
targeting sites 273 (RPL18341) and 1833 (RPL18371) of HBV RNA administerd via 
continuous s.c. infusion at 10, 30, and 100 mg/kg/day are compared to continuous s.c. 
infusion administration of scrambled attenuated core ribozyme and saline controls, and orally 
administered 3TC® (300 mg/kg/day) and saline controls. 

Figure 7 is a bar graph showing tiie mean serum HBV DNA levels following fourteen 
days of ribozyme treatment in HBV transgenic mice. Ribozymes targeting sites 273 
(RPL1834I) and 1833 (RPL18371) of HBV RNA administerd via continuous s.c. infusion at 
10, 30, and 100 mg/kg/day are compared to continuous s.c. infusion administration of 
scrambled attenuated core ribozyme and saline controls, and orally administered 3TC® (300 
mg/kg/day) and saline controls. 

Figure 8 is a bar graph showing tiie decrease in semm HBV DNA (log) levels 
following fourteen days of ribozyme treatment in HBV transgenic mice. Ribozymes 
targeting sites 273 (RPL18341) and 1833 (RPL18371) of HBV RNA administerd via 
continuous s.c. infusion at 10, 30, and 100 mg/kg/day are compared to continuous s.c. 
infusion administration of scrambled attenuated core ribozyme and saline controls, and orally 
administered 3TC® (300 mg/kg/day) and saline controls. 

Figure 9 is a bar graph showing the decrease in HBV DNA in HepG2.2.15 cells after 
treatment witii ribozymes targeting sites 273 (RPI.18341), 1833 (RPL18371), 1874 
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(RPL18372), and 1873 (RPL18418) of HBV RNA as compared to a scrambled attenuated 
coreribozyme (RPL20995). 

Figure 10 is a bar graph showing reduction iq HBsAg levels following treatment of 
HepG2 cells with anti-HBV arm, stem, and loop-variant ribozymes (RPI. 18341, RPI.22644, 
RPI.22645, RPI.22646, RPI.22647, RPI.22648, RPL22649, and RPI.22650) targeting site 273 
of the HBV pFegenomic RNA as compared to a scrambled attenuated core ribozyme 
(RPL20599). 

Figure 11 is a bar graph showing reduction in HBsAg levels following treatment of 
HepG2 cells with RPI 18341 alone or in combination wilii Infergen®. At either 500 or 1000 
units of Infergen®, the addition of 200 nM of RPL18341 results in a 75-77% increase in anti- 
HBV activity as judged by the level of HBsAg secreted from the treated Hep G2 cells. 
Conversely, the anti-HBV activity of RPL18341(at 200 nM) is increased 31-39% when used 
in combination of 500 or 1000 units of Infergen®. 

Figure 12 is a bar graph showing reduction in HBsAg levels following treatment of 
HepG2 cells with RPI 18341 alone or in combmation with Lamivudine. At 25 nM 
Lamivudine (3TC®), tiie addition of 100 nM of RPL18341 results in a 48% increase m anti- 
HBV activity as judged by the level of HBsAg secreted from treated Hep G2 ceUs. 
Conversely, the anti-HBV activity of RPL18341 (at 100 nM) is increased 31% when used in 
combination with 25 nM Lamivudine. 

Figure 13 shows a scheme which outlines the steps involved in HBV reverse 
transcription. The HBV polymerase/reverse transcriptase binds to the 5 '-stem-loop of the 
HBV pregenomic RNA and synthesizes a primer from the UUCA template. The reverse 
transcriptase and tetramer priinCT are translocated to the 3'-DRl site. The RT primer binds to 
the UUCA sequence in the DRl element and minus strand synthesis begins. 

Figure 14 shows a non-limiting example of inhibition of HBV reverse transcription. A 
decoy molecule binds to the HBV RT primer, fliereby preventing translocation of the RT to 
the 3*-DRl site and preventing minus strand synthesis. 

Figure 15 shows data of a HBV nucleic acid screen of 2'-0-allyl modified nucleic acid 
molecules. The levels of HbsAg were determined by ELISA. Inhibition of HBV is 
correlated to HBsAg antigen levels. 

Figure 16 shows data of a HBV nucleic acid screen of 2'-0-methyl modified nucleic 
acid molecules. The levels of HbsAg were determined by ELISA. Mibition of HBV is 
correlated to HBsAg antigen levels. 
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figure 17 shows dose response data of 2'-Omefhyl modified nucleic acid molecules 
targeting the HBV reverse transcriptase primer compared to levels of HBsAg. 

Figure 18 shows data of nucleic acid screen of nucleic acid molecules (200 nM) 
targeting the HBV Enhancer I core region compared to levels of HBsAg. 

Figure 19 shows data of nucleic acid screen of nucleic acid molecules (400 nM) 
targeting the HBV Enhancer I core region compared to levels of HBsAg. 

Figure 20 shows dose response data of nucleic acid molecules targeting the HBV 
Enhancer I core region compared to levels of HBsAg. 

Figure 21 shows a graph depicting HepG2.2.15 tumor growth in athymic nu/nu female 
mice as tumor volume (mm^) vs time (days). 

Figure 22 shows a graph depicting HepG2,2.15 tumor growth in athymic nu/nu female 
mice as tumor volume (mm^) vs time (days). Inoculated HepG2.2.15 cells were selected for 
antibiotic resistance to G41 8 before introduction into the mouse. 

Figure 23 is a schematic representation of the Dual Reporter System utilized to 
demonstrate enzymatic nucleic acid mediated reduction of luciferase activity in cell culture. 

Figure 24 shows a schematic view of the secondary structure of the HCV 5'UTR 
(Brown et aL 1992, Nucleic Acids Res,, 20, 5041-45; Honda et al, 1999, J. Virol, 73, 1 165- 
74). Major structural domains are mdicated in bold. Enzymatic nucleic acid cleavage sites are 
indicated by arrows. Solid arrows denote sites amenable to amino-modified enzymatic 
nucleic acid inhibition. Lead cleavage sites (195 and 330) are indicated with oversized solid 
arrows. 

Figure 25 shows a non-limiting example of a nuclease resistant en2ymatic nucleic acid 
molecule. Binding arms are indicated as stem I and stem IQ. Nucleotide modifications are 
indicated as follows: 2*-0-methyl nucleotides, lowercase; ribonucleotides, uppercase G, A; 2* 
-amino-uridine, ji; inverted 3 '-3' deoxyabasic, B. The positions of phosphorothioate linkages 
at the 5*-end of each enzymatic nucleic acid are indicated by subscript "s". H indicates A, C 
or U ribonucleotide^ N' indicates A^ C G or U ribonucleotide in substrate, n indicates base 
complementary to the N\ The U4 and U7 positions in the catalytic core are indicated. 

Figure 26 is a set of bar graphs showing enzymatic nucleic acid mediated inhibition of 
HCV-luciferase expression in 0ST7 cells. OST7 cells were transfected wifli complexes 
containing reporter plasmids (2 ^g/mL), enzymatic nucleic acids (100 nM) and lipid. The 
ratio of HCV-firefly luciferase luminescence/Renilla luciferase luminescence was determined 
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for each enzymatic nucleic acid tested and was compared to treatment with the ICR, an 
irrelevant control enzymatic nucleic acid lacking specificity to the HCV 5'UTR (adjusted to 
1). Results are reported as the mean of triplicate samples + SD. In Figure 26A, 0ST7 cells 
were treated with enzymatic nucleic acids (100 nM) targeting conserved sites (indicated by 
cleavage site) within the HCV 5'UTR. In Figure 26B, 0ST7 cells were treated with a subset 
of enzymatic nucleic acids to lead HCV sites (indicated by cleavage site) and corresponding 
attenuated core (AC) controls. Percent decrease in firefly/Renilla luciferase ratio after 
treatment with active enzymatic nucleic acids as compared to treatment witii corresponding 
AGs is shown when the decrease is > 50% and statistically significant. Similar results were 
obtained with SO nM enzymatic nucleic acid. 

Figure 27 is a series of line graphs showing flie dose-dependent inhibition of 
HCV/luciferase e3q)ression following enzymatic nucleic acid treatment. Active enzymatic 
nucleic acid was mixed with corresponding AC to maintain a 100 xM total oligonucleotide 
concentration and the same lipid charge ratio. The concentration of active ens^atic nucleic 
acid for each point is shown. Figure 27A-E shows enzymatic nucleic acids targeting sites 79, 
81, 142, 195, or 330, respectively. Results are reported as the mean of triplicate samples + 
SD. 

Figure 28 is a set of bar graphs showing reduction of HCV/luciferase RNA and 
inhibition of HCV-luciferase expression in 0ST7 cells. 0ST7 cells were transfected with 
complexes containing reporter plasmids (2 fig /ml), enzymatic nucleic acids, BACs or SACs 
(50 nM) and lipid. Results are reported as the mean of triplicate samples ± SD. In Figure 
28A Ihe ratio of HCV-firefly luciferase RNA/Renilla luciferase RNA is shown for each 
enzymatic nucleic acid or control tested. As compared to paired BAC controls (adjusted to 1), 
luciferase RNA levels were reduced by 40% and 25% for tiie site 195 or 330 enzymatic 
nucleic acids, respectively. In Figure 28B the ratio of HCV-firefly luciferase 
luminescence/ReniUa luciferase luminescence is shown after treatment with site 195 or 330 
enzymatic nucleic acids or paired controls. As compared to paired BAC controls (adjusted to 
1), inhibition of protein expression was 70% and 40% for the site 195 or 330 enzymatic 
nucleic acids, respectively P < 0.01. 

Figure 29 is a set a bar graphs showing interferon (IFN) alpha 2a and 2b dose response 
in combination with site 195 anti-HCV enzymatic nucleic acid treatment. Figure 29A shows 
data for IFN alfa 2a treatment. Figure 29B shows data for IFN alfa 2b treatment Viral yield 
is reported firom HeLa cells pretreated with IFN in units/ml (U/ml) as indicated for 4 h prior 
to infection and then treated wifli either 200 nM control (SAC) or site 195 anti-HCV 
enzymatic nucleic acid (195 HZ) for 24 h after infection. Cells were infected with a MOI = 
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0.1 for 30 nun and collected at 24 h post infection. Error bars represent the S.D. of the mean 
of triplicate determinations. 

Figure 30 is a line graph showing site 195 anti-HCV enzymatic nucleic acid dose 
response in combination with interferon (IFN) alpha 2a and 2b pretreatment Viral yield is 
reported fiom HeLa cells pretreated for 4 h with or without IFN and treated with doses of site 
195 anti-HCV enzymatic nucleic acid (195 RZ) as indicated for 24 h after infection. Anti- 
HCV enz^atic nucleic acid was mixed with control oligonucleotide (SAC) to maintain a 
constant 200 nM total dose of nucleic acid for delivery. Cells were infected with a MOI = 0.1 
for 30 min and collected at 24 h post infection. Error bars represent the S.D. of the mean of 
triplicate determinations. 

Figure 31 is a set of bar graphs showing data from consensus interferon 
(CIFN)/enzymatic nucleic acid combmation treatment Figure 31A shows CIFN dose 
response with site 195 anti-HCV enzymatic nucleic acid treatment. Viral yield is reported 
from cells pretreated with CIFN in units/ml (U/ml) as indicated and treated with either 200 
nM control (SAC) or site 195 anti-HCV enzymatic nucleic acid (195 RZ). Figure 31B shows 
site 195 anti-HCV enzymatic nucleic acid dose response with CIFN pretreatment Viral yield 
is reported from cells pretreated with or without CIFN and treated with concentrations of site 
195 anti-HCV enzymatic nucleic acid (195 RZ) as indicated. Anti-HCV enzymatic nucleic 
acid was mixed with control oligonucleotide (SAC) to maintain a constant 200 nM total dose 
of nucleic acid for delivery. Cells were mfected with a MOI — 0.1 for 30 min. and collected at 
24 h post infection. Error bars represent the S.D. of the mean of triplicate determinations. 

Figure 32 is a bar graph showing enzymatic nucleic acid activity and enhanced 
antiviral effect of an anti-HCV enzymatic nucleic acid targeting site 195 used in combination 
with consensus interferon (CIFN). Viral 3deld is reported from cells treated as indicated. 
BAC, cells were treated with 200 nM BAC (binding attenuated control) for 24 h after 
infection; CIFN+BAC, cells were treated with 12.5 U/ml CIFN for 4 h prior to infection and 
with 200 nM BAC for 24 h after mfection; 195 RZ, cells were treated with 200 nM site 195 
anti-HCV enzymatic nucleic acid for 24 h after infection; CIFN + 195 RZ, cells were treated 
with 12.5 U/ml CIFN for 4 h prior to infection and with 200 nM site 195 anti-HCV enzymatic 
nucleic acid for 24 h after infection. Cells were infected with a MOI = 0.1 for 30 min. Error 
bars represent the S.D. of the mean of triplicate determinations. 

Figure 33 is a bar graph showmg inhibition of a HCV-PV cWmera replication by 
treatment with zinzyme enzymatic nucleic acid molecules targeting different sites within the 
HCV 5*-UTR compared to a scrambled attenuated core control (SAC) zinzyme. 
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Figure 34 is a bar graph showing inhibition of a HCV-PV chimera replication by 
antisense nucleic acid molecules targeting conserved regions of the HCV S'-UTR compared 
to scrambled antisense. controls. 

Figure 35 shows the structure of compounds (2-5 A) utilized in the study. "X" denotes 
the position of oxygen (O) in analog I or sulfur (S) in Ihiopho^hate (P=S) analog H. The 2- 
5A conq)ounds were synthesized, deprotected and purified as described herein utilizing CPG 
support with 3'-inverted abasic nucleotide. For chain extension 5'-0-(4,4'-dimetoxytrityl)-3'- 
0-(tert-butyldimethylsilyl)-N6-beiizoyladenosine-2-cyanoethyl-N,N-diisopro^^^ 
phosphoramidite (Chem. Genes Corp,, Waltham, MA) was employed. Introduction of a 5'- 
terminal phosphate (analog I) or thiophosphate (analog II) group was performed with 
"Chemical Phosphorylation Reagenf (Glen Research, Sterling , VA). Structures of the final 
compounds were confirmed by MALDI-TOF analysis. 

Figure 36 is a bar graph showing ribozyme activity and enhanced antiviral effect (A) 
Interferon/ribozyme combination treatment. (B) 2-5A/ribozyme combination treatment. HeLa 
cells seeded in 96-well plates (10,000 cells per well) were pretreated as indicated for 4 hours. 
For pretreatment, SAC (RPI 17894), RZ (RPI 13919), and 2-5A analog I (RPI 21096) (200 
n^^ were conq)lexed wifli lipid cytofectin. Cells were then infected with HCV-PV at a 
multiplicity of infection of 0.1. Virus inoculum was replaced after 30 minutes with media 
containing 5% serum and 100 nM RZ or SAC as indicated, complexed with cytofectin 
RPL9778. After 20 hours, cells were lysed by 3 freeze/thaw cycles and virus was quantified 
by plaque assay. Plaque forming units (PFU)/ml are shown as the mean of triplicate samples 
+ SEM. The absolute amount of viral yield in treated cells varied from day to day, 
presumably due to day to day variations in cell plating and transfection complexation. None, 
normal media; IFN, 10 U/ml consensus interferon; SAC, scrambled arm attenuated core 
control (RPI 17894); RZ, anti-HCV ribozyme (RPI 13919); 2-5A, (RPI 21096). 

Figure 37 is a graph showing the inhibition of viral replication with anti-HCV 
ribozyme (RPI 13919) or 2-5A (RPI 21096) treatment HeLa cells were treated as described 
in Figure 36 except that there was no pretreatment and 200 nM oligonucleotide was used for 
treatment. 2-5A P=S contains a 5'-terminal thiophosphate (RPI21095) (see Figure 35). 

Figure 38 is a bar graph showing anti-HCV ribozyme in combination with 2-5A 
treatment HeLa cells were treated as described in Figure 37 except concentrations were co- 
varied as shown to maintain a constant 200 nM total oligonucleotide dose for transfection. 
Cells treated with 50 nM anti-HCV ribozyme (RPI 13919) (middle bars) were also treated 
with 150 nM SAC (RPI 17894) or 2-.5A (RPI 21096); likewise, cells treated with 100 nM 
anti-HCV ribozyme (bars at right) were also treated with 100 nM SAC or 2-5 A. 
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Mechanism of action of Nucleic Acid Molecules of the Inveiition 

Decoy : Nucleic acid decoy molecules are mimetics of naturally occurring nucleic acid 
molecules or portions of naturally occurring nucleic acid molecules that can be used to 
modulate the function of a specific protein or a nucleic acid whose activity is dependant on 
interaction with the naturally occurring nucleic acid molecule. Decoys modulate the function 
of a target protein or nucleic acid by competing with authentic nucleic acid binding to the 
ligand of interest. Often, the nucleic acid decoy is a truncated version of a nucleic acid 
sequence that is recognized, for example by a particular protein, such as a transcription factor 
or polymerase. Decoys can be chemically modified to increase binding affinity to the target 
ligand as well as to increase the enzymatic and chemical stability of the decoy. In addition, 
bridging and non-bridging linkers can be introduced into the decoy sequence to provide 
additional binding affinity to ttie target ligand. Decoy molecules of flie invention that bind to 
an HCV or HBV target, such as HBV reverse transcriptase or HBV reverse transcriptase 
primer, or an enhancer region of the HBV pregenomic RNA, for example the Enhancer I 
element, modulate the transcription of RNA to DNA and therefore modulate expression of 
the pregenomic RNA of the virus (see Figures 13 and 14). 

Aptamer : Nucleic acid aptamers can be selected to specifically bind to a particular 
ligand of interest (see for example Gold et al, US 5,567,588 and US 5,475,096, Gold et al., 
1995, Annu. Rev. Biochem., 64, 763; Brody and Gold, 2000, J. Biotechnol, 74, 5; Sun, 2000, 
Ciirr. Opin. MoL Ther,, 2, 100; Kusser, 2000, J. BiotechnoL 74, 27; Hermann and Patel, 
2000, Science, 287, 820; and Jayasena, 1999, Clinical Chemistry, 45, 1628). For example, 
the use of in vitro selection can be applied to evolve nucleic acid aptamers with binding 
specificity for HBV RT and/or HBV RT primer. Nucleic acid aptamers can include chemical 
modifications and linkers as described herein. Aptamer molecules of the invention that bind 
to a reverse transcriptase or reverse transcriptase primer, such as HBV reverse transcriptase 
or HBV reverse transcriptase primer, modulate the transcription of RNA to DNA and 
therefore modulate expression of the pregenomic RNA of the virus. 

Antisense : Antisense molecules can be modified or unmodified RNA, DNA, or mixed 
polymer oligonucleotides and primarily function by specifically binding to matching 
sequences resulting in modulation of peptide synthesis (Wu-Pong, Nov 1994, BioPharm, 20- 
33). The antisense oligonucleotide binds to target RNA by Watson Crick base-pairing and 
blocks gene expression by preventing ribosomal translation of the bound sequences eitiier by 
steric blocking or by activating RNase H enzyme. Antisense molecules can also alter protein 
synthesis by interfering with RNA processing or transport firom the nucleus into the 
cytoplasm (Mukhopadhyay & Roth, 1996, Grit Rev. in Oncogenesis 7, 151-190). 
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In addition, binding of single stranded DNA to RNA may result in nuclease degradation 
of the heteroduplex (Wu-Pong, supra; Crooke, supra). To date, the only backbone modified 
DNA chemistry which will act as substrates for RNase H are phosphorothioates, 
phosphorodithioates, and borontrifluoridates. Recently, it has been reported that 2*-arabino 
and 2'-fluoro arabino- containing oligos can also activate RNase H activity. 

A number of antisense molecules have been described that utilize novel configurations 
of chemically modified nucleotides, secondary structure, and/or RNase H substrate domains 
(Woolf et al. International PCX Publication No. WO 98/13526; Thompson et a/., USSN 
60/082,404 which was filed on April 20, 1998; Hartmann et al, USSN 60/101,174 which was 
filed on September 21, 1998) all of fliese are incorporated by reference herein in their 
entirety. 

Antisense DNA can be used to target RNA by means of DNA-RNA interactions, 
thereby activating RNase H, which digests the target RNA in the duplex. Antisense DNA 
can be chemically synthesized or can be expressed via the use of a single stranded DNA 
intracellular expression vector or the equivalent thereof 

Triplex Forming Oligonucleotides fTFO) : Single stranded oligonucleotide can be 
designed to bind to genomic DNA in a sequence specific manner. TFOs can be comprised of 
pyrimidine-rich oligonucleotides which bind DNA helices through Hoogsteen Base-pairing 
(Wu-Pong, supra). In addition, TFOs can be chemically modified to increase binding affinity 
to target DNA sequences. The resulting triple helix composed of the DNA sense, DNA 
antisense, and TFO disrupts RNA synthesis by RNA polymerase. The TFO mechanism can 
result m gene expression or cell deafli since binding may be ineversible (Mukhopadhyay & 
Roth, supra) 

2'-5* Oligoadenvlates : The 2-5A system is an interferon-mediated mechanism for RNA 
degradation found in higher vertebrates (Mitra et a/., 1996, Proc Nat Acad Sci USA 93, 6780- 
6785). Two types of enzymes, 2-5A synthetase and RNase L, are required for RNA 
cleavage. The 2-5A synthetases require double stranded RNA to form 2'-5' oligoadenylates 
(2-5A). 2-5A then acts as an allosteric effector for utilizing RNase L, which has the ability to 
cleave single stranded RNA. The ability to form 2-5A stmctures with double stranded RNA 
makes this system particularly usefiil for modulation of viral replication. 

(2 '-5') oligoadenylate structures can be covalently linked to antisense molecules to 
form chimeric oUgonucleotides capable of RNA cleavage (Torrence, supra). These 
molecules putatively bind and activate a 2-5 A-dependent RNase, the oligonucleotide/enzyme 
complex then binds to a target RNA molecule which can then be cleaved by tiie RNase 
enzyme. The covalent attachment of 2 '-5* oligoadenylate structures is not limited to 
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antisense applications, and can be furffaer elaborated to include attachment to nucleic acid 
molecules of Hie instant invention. 

RNA interference (RNAil : RNA interference refers to the process of sequence specific 
post transcriptional gene silencing in animals mediated by short interfering RNAs (siRNA) 
(Fire et al,, 1998, Nature, 391, 806). The corresponding process in plants is commonly 
referred to as post transcriptional gene silencing or RNA silencing and is also referred to as 
quelling in fungi. The process of post transcriptional gene silencing is thought to be an 
evolutionarily conserved cellular defense mechanism used to prevent flie expression of 
foreign genes which is commonly shared by diverse flora and phyla (Fire et al, 1999, Trends 
Geftet, 15, 358). Such protection from foreign gene expression may have evolved in 
response to fbe production of double stranded RNAs (dsRNA) derived from viral infection or 
the random integration of transposon elements into a host genome via a cellular response that 
specifically destroys homologous single stranded RNA or viral genomic RNA. The presence 
of dsRNA m cells triggers the RNAi response thou^ a mechanism that has yet to be folly 
characterized. This mechanism appears to be different from the interferon response that 
results from dsRNA mediated activation of protein kinase PKR and 2',5'-oligoadenylate 
synthetase resulting in non-specific cleavage of mRNA by ribonuclease L. 

The presence of long dsRNAs in cells stimulates the activity of a ribonuclease HI 
enzyme referred to as dicer. Dicer is involved in the processing of the dsRNA into short 
pieces of dsRNA known as short interfering RNAs (siRNA) (Berstein et al, 2001, Nature, 
409, 363). Short interfering RNAs derived from dicer activity are typically about 21-23 
nucleotides in length and comprise about 19 base pair duplexes. Dicer has also been 
implicated in the excision of 21 and 22 nucleotide small temporal RNAs (stRNA) from 
precursor RNA of conserved structure that are implicated in translational control (Hutvagner 
et al, 2001, Science, 293, 834). The RNAi response also features an endonuclease complex 
containing a siRNA, commonly referred to as an RNA-induced silencing covaplsK (RISC), 
which mediates cleavage of single stranded RNA having sequence homologous to flie siRNA. 
Qeavage of the target RNA takes place in Ae middle of the region complementary to the 
guide sequence of the siRNA duplex (Elbashir et al, 2001, Genes Dev., 15, 188). 

Short interfering RNA mediated RNAi has been studied in a variety of systems. Fire et 
al, 1998, Nature, 391, 806, were the first to observe RNAi in C Elegans. Wianny and 
Goetz, 1999, Nature Cell Biol, 2, 70, describes RNAi mediated by dsRNA in mouse 
embryos. Hammond et al, 2000, Nature, 404, 293, describe RNAi in Drosophila cells 
transfected with dsRNA. Elbashir et al, 2001, Nature, 41 1 , 494, describe RNAi induced by 
introduction of duplexes of synthetic 21-nucleotide RNAs in cultured mammalian cells 
inchiding human embryonic kidney and HeLa cells. Recent work in Drosophila embryonic 
lysates has revealed certain requirements for siRNA length, structure, chemical composition. 
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and sequence fliat are essential to mediate efficient RNAi activity. These studies have shown 
that 21 nucleotide siBNA duplexes are most active when containing two nucleotide 3'- 
overhangs. Furfhermore, substitution of one or both siKNA strands with 2'-deoxy or 2*-0- 
methyl nucleotides abolishes RNAi activity, whereas substitution of 3 '-terminal siRNA 
nucleotides with deoxy nucleotides was shown to be tolerated. Mismatch sequences in the 
center of the siRNA duplex were also shown to abolish RNAi activity. In addition, these 
studies also indicate fliat the position of the cleavage site in the target RNA is defined by the 
5*-^d of the siRNA guide sequence rather than the 3*-end (Elbashir et al, 2001, EMBO 
20, 6877). Odier studies have indicated ^at a 5'-phosphate on the target-complementary 
strand of a siRNA duplex is required for siRNA activity and that ATP is utilized to maintain 
the 5 '-phosphate moiety on flie siRNA (Nykanen et al, 2001, Cell 107, 309), however 
siRNA molecules lacking a 5 '-phosphate are active when iutroduced exogenously, suggesting 
that 5 '-phosphorylation of siRNA constructs may occur in vivo. 

Enzymatic Nucleic Acid : Several varieties of naturally occurring enzymatic RNAs are 
presently known (Doherty and Doudna, 2001, Annu, Rev, Biophys, Biomol Struct, 30, 457- 
475; Symons, 1994, Curr, Opin. Struct Biol, 4, 322-30). In addition, several in vitro 
selection (evolution) strategies (Orgel, 1979, Proc. R, Sac. London, B 205, 435) have been 
used to evolve new nucleic acid catalysts capable of catalyzmg cleavage and ligation of 
phosphodiester linkages (Joyce, 1989, Gene, 82, 83-87; Beaudry et aL 1992, Science 257, 
635-641; Joyce, 1992, Scientific American 267, 90-97; Breaker et al, 1994, TIBTECH 12, 
268; Bartel et al, 1993, Science 261:1411-1418; Szostak, 1993, TIBS 11 y 89-93; Kumar et 
al, 1995, FASEBJ,, 9, 1183; Breaker, 1996, Curr. Op, Biotech,, 7, 442; Santoro et al, 1997, 
Proc, Natl, Acad, Sci„ 94, 4262; Tang et al„ 1997, liNA 3, 914; Nakamaye & Eckstein, 1994, 
supra\ Long & Uhlenbeck, 1994, supra; Ishizaka et al, 1995, supra\ Vaish et al„ 1997, 
Biochemistry 36, 6495). Each can catalyze a series of reactions including the hydrolysis of 
phosphodiester bonds in trans (and thus can cleave other RNA molecules) under 
physiological conditions. 

Nucleic acid molecules of this iavention can block HBV or HCV protein expression 
and can be used to treat disease or diagnose disease associated with the levels of HBV or 
HCV. 

The en2ymatic nature of an eozymatic nucleic acid has significant advantages, such as 
the concratration of nucleic acid necessary to affect a therapeutic treatment is low. This 
advantage reflects the ability of the enzymatic nucleic acid molecule to act enzymatically. 
Thus, a single enzymatic nucleic acid molecule is able to cleave many molecules of target 
RNA. In addition, the enzymatic nucleic acid molecule is a highly specific modulator, with 
the specificity of modulation depending not only on the base-pairing mechanism of binding 
to the target RNA, but also on the mechanism of target RNA cleavage. Single mismatches, 
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or base-substitutions, near the site of cleavage can be chosen to completely eliminate catalytic 
activity of an enzymatic nucleic acid molecule. 

Nucleic acid molecules having an endonuclease enzymatic activity are able to 
repeatedly cleave other separate KNA molecules in a nucleotide base sequence-specific 
manner. With proper design and construction, such enzymatic nucleic acid molecules can be 
targeted to any RNA transcript and efficient cleavage achieved in vitro (Zaug et al., 324, 
Nature 429 1986; Uhlenbeck, 1987 Nature 328, 596; Kim et al., 84 Proc, Natl Acad, Set 
USA 8788, 1987; Dreyfus, 1988, Einstein Quart 1 Bio, Med,, 6, 92; Haseloffand Gerlach, 
334 Nature 585, 1988; Cech, 260 JAMA 3030, 1988; and Jefferies et al., 17 Nucleic Acids 
Research 1371, 1989; Charlrand et a/., 1995, Nucleic Acids Research 23, 4092; Santoro et 
a/., 1997, Pi\MS 94, 4262). 

Because of their sequence specificity, /ran5-cleaving enzymatic nucleic acid molecules 
show promise as therapeutic agents for human disease (Usman & McSwiggen, 1995 Ann. 
Rep, Med, Chem. 30, 285-294; Christoffersen and Mair, 1995 J, Med. Chem, 38, 2023-2037). 
Enzymatic nucleic acid molecule can be designed to cleave specific RNA targets within the 
background of cellular RNA. Such a cleavage event renders the RNA non-functional and 
abrogates protein e?qpression fiom that RNA. In this mamier, synthesis of a protein 
associated with a disease state can be selectively modulated(Warashma et al, 1999, 
Chemistry and Biology, 6, 237-250. 

The present invention also features nucleic acid sensor molecules or allozymes having 
sensor domains comprising nucleic acid decoys and/or aptamers of the invention. Interaction 
of the nucleic acid sensor molecule's sensor domain with a molecular target, such as HCV or 
HBV target, e.g., HBV RT and/or HBV RT primer, can activate or inactivate the enzymatic 
nucleic acid domain of the nucleic acid sensor molecule, such that the activity of the nucleic 
acid sensor molecule is modulated in the presence of the target-signaling molecule. The 
nucleic acid sensor molecule can be designed to be active in the presence of the target 
molecule or alternately, can be designed to be inactive in the presence of die molecular target. 
For example, a nucleic acid sensor molecule is designed with a sensor domam having the 
sequence (UUCA)n, where n is an mteger from 1-10. In a non-limiting exanqjle, interaction 

of the HBV RT primer with the sensor domain of the nucleic acid sensor molecule can 
activate the enzymatic nucleic acid doxnain of the nucleic acid sensor molecule such that the 
sensor molecule catalyzes a reaction, for example cleavage of HBV RNA. In fliis example, 
the nucleic acid sensor molecule is activated in the presence of HBV RT or HBV RT primer, 
and can be used as a therapeutic to treat HBV infection. Alternately, the reaction can 
comprise cleavage or ligation of a labeled nucleic acid reporter molecule, providing a useful 
diagnostic reagent to detect the presence of HBV in a system. 
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HCV Target sites 

Targets for useful nucleic acid molecules and nuclease activating compounds or 
chimeras can be determined as disclosed in Draper et al, WO 93/23569; Sullivan et al, WO 
93/23057; Thompson et al, WO 94/02595; Draper et al, WO 95/04818; McSwiggen et al, 
US Patent No. 5,525,468. Rather than repeat the guidance provided in those documents here, 
below are provided specific examples of such methods, not limiting to those in the art. 
Nucleic acid molecules and nuclease activating compoimds or chimeras to such targets are 
designed as described in those applications and synthesized to be tested in vitro and in vivo^ 
as also described. Such nucleic acid molecules and nuclease activating compounds or 
chimeras can also be optimized and delivered as described therein. 

The sequence of HCV RNAs were screened for optimal en2ymatic nucleic acid 
molecule target sites using a computer folding algorithm. Enzjmiatic nucleic acid cleavage 
sites were identified. These sites are shown in Tables XVm, XIX, XX and XXDI (All 
sequences are 5' to 3' in the tables). The nucleotide base position is noted in the tables as 
that site to be cleaved by the designated type of en25rmatic nucleic acid molecule. The 
nucleotide base position is noted in the tables as that site to be cleaved by the designated type 
of enzymatic nucleic acid molecule. 

Because HCV RNAs are highly homologous in certain regions, some enzymatic nucleic 
acid molecule target sites are also homologous. In this case, a single en2ymatic nucleic acid 
molecule will target different classes of HCV RNA. The advantage of one enzymatic nucleic 
acid molecule that targets several classes of HCV RNA is clear, especially in cases where one 
or more of these RNAs can contribute to the disease state. 

Enzymatic nucleic acid molecules were designed that could bind and were individually 
analyzed by computer folding (Jaeger et al, 1989 Proc. Natl Acad. Set USA, 86, 7706) to 
assess whether tbe enzymatic nucleic acid molecule sequences fold into the appropriate 
secondary structure. Those enzymatic nucleic acid molecules with imfavomble 
intramolecular interactions between the binding arms and the catalytic core are eliminated 
from consideration. Varying binding arm lengths can be chosen to optimize activity. 
Generally, at least 5 bases on each arm are able to bind to, or otherwise interact with, the 
target RNA. Enzymatic nucleic acid molecules were designed to anneal to various sites in the 
mRNA message. The binding arms are complementary to the target site sequences described 
above. 
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HB V Target sites 

Targets for useful ribozymes and antisense nucleic acids targeting HBV can be 
determined as disclosed in Draper et al, WO 93/23569; Sullivan et ai, WO 93/23057; 
Thompson et al, WO 94/02595; Draper et al, WO 95/04818; McSwiggen et al, US Patent 
No. 5,525,468. Other examples include the following PCT applications, which concem 
inactivation of e;qpression of disease-related genes: WO 95i^3225, WO 95/13380, WO 
94/02595. Rather than repeat the guidance provided in those documents here, below are 
provided specific examples of such methods, not limiting to those in the art. Ribozymes and 
antisense to such targets are designed as described in those applications and synthesized to be 
tested in vitro and in vivo, as also described. The sequence of human HBV RNAs (for 
example, accession AF100308.1; HBV strain 2-18; additionally, other HBV strains can be 
screened by one skilled in the art, see Table m fox other possible strains) were screened for 
optimal enzymatic nucleic acid and antisense target sites using a computer-folding algorithm. 
Antisense, hammerhead, DNA2yme, NCH (Inozyme), amberzyme, zinzyme or G-Cleaver 
ribozyme binding/cleavage sites were identified. These sites are shown in Tables V to XI 
(all sequences are 5' to 3' in the tables; X can be any base-paired sequence, the actual 
sequence is not relevant here). The nucleotide base position is noted in the Tables as that site 
to be cleaved by the designated type of enzymatic nucleic acid molecule. Table IV shows 
substrate positions selected from Renbo et al, 1987, Set Sin., 30, 507, used in Dnq)er, USSN 
(07/882,712), filed May 14, 1992, entitled •'METHOD AND REAGENT FOR INHromNG 
HEPATITIS B VIRUS REPLICATIO^P' and Draper et aL, International PCT publication No. 
WO 93/23569, filed April 29, 1993, entitled "METHOD AND REAGENT FOR 
INHIBmNG VIRAL REPLICATION". While human sequences can be screened and 
enzymatic nucleic acid molecule and/or antisense thereafter designed, as discussed in 
Stinchcomb et aL, WO 95/23225, mouse targeted ribozymes can be useful to test efficacy of 
action of the enzymatic nucleic acid molecule and/or antisense prior to testing in humans. 

Antisense, hammerhead, DNAzyme, NCH (inozyme), amberzyme, zinzyme or G- 
Cleaver ribozyme binding/cleavage sites were identified, as discussed above. The nucleic 
acid molecules were individually analyzed by computer folding (Jaeger et al, 1989 Proc. 
Natl Acad. ScL USA, 86, 7706) to assess whether the sequences fold into the appropriate 
secondary structure. Those nucleic acid molecules with unfavorable intramolecular 
interactions such as between the binding arms and the catalytic core were eliminated firom 
consideration. Varying binding arm lengths can be chosen to optimize activity. 

Antisense, hammerhead, DNAzyme, NCH, amberzyme, zinzyme or G-Cleaver 
ribozyme binding/cleavage sites were identified and were designed to anneal to various sites 
in the RNA tai:get. The bindiag arms are complementary to the target site sequences 
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described above. The nucleic acid molecules were chemically synthesized. The mefliod of 
synthesis used follows flie procedure for normal DNA/RNA synthesis as described below and 

in Usman et al, 1987 J. Am. Chem, Soc, 109, 7845; Scaringe et al, 1990 Nucleic Acids 
Res., 18, 5433; Wincott et al., 1995 Nucleic Acids Res. 23, 2677-2684; and Caruthers et al, 
1992, Methods in Ertzymology 21 1,3-19. 

Synthesis of Nucleic acid Molecules 

Synthesis of nucleic acids greater than 100 nucleotides in length is difficult using 
automated methods, and the therapeutic cost of such molecules is prohibitive. In this 
invention, small nucleic acid motifs ("small" refers to nucleic acid motifs no more than 100 
nucleotides in length, preferably no more than 80 nucleotides in length, and most preferably 
no more than 50 nucleotides in length; eg., decoy nucleic acid molecules, aptamer nucleic 
acid molecules antisense nucleic acid molecules, enzymatic nucleic acid molecules) are 
preferably used for exogenous delivery. The simple structure of these molecules increases 
the ability of the nucleic acid to invade targeted regions of protein and/or RNA structure. 
Ecemplary molecules of the instant invention are chemically synthesized, and others can 
sinularly be synthesized. 

Oligonucleotides (e.g., DNA oligonucleotides) are synthesized using protocols known 
in the art, for example as described in Caruthers et al, 1992, Methods in Enzymology 211,3- 
19, Thompson et al. titemational PCT Publication No. WO 99/54459, Wincott et al, 1995, 
Nucleic Acids Res. 23, 2677-2684, Wincott et al, 1997, Methods Mol Bio,, 74, 59, Brennan 
et al, 1998, Biotechnol Bioeng,, 61, 33-45, and Brennan, US patent No. 6,001,311. The 
synthesis of oligonucleotides makes use of common nucleic acid protecting and coupling 
groups, such as dimethoxytrityl at the 5'-end, and phosphoramidites at the 3'-end. In a non- 
limiting example, small scale syntheses are conducted on a 394 Applied Biosystems, Inc. 
synthesizer using a 0.2 fimol scale protocol with a 2.5 min coupling step for 2'-0-methylated 
nucleotides and a 45 sec coupling step for 2'Hleoxy nucleotides. Table n outlines the 
amounts and the contact times of the reagents used in the synthesis cycle. Alternatively, 
syntheses at the 0.2 (imol scale can be performed on a 96-weIl plate synthesizer, such as the 
instrument produced by Protogene (Palo Alto, CA) with minimal modification to the cycle. 
A 33-foId excess (60 jiL of 0.11 M = 6.6 fimol) of 2'-0-methyl phosphoramidite and a 105- 
fold excess of S-ethyl tetrazole (60 ]iL of 0.25 M ~ 15 )imol) can be used in each coupling 
cycle of 2'-0-methyl residues relative to polymer-bound 5'-hydroxyl. A 22-fold excess (40 
jiL of 0. 1 1 M = 4.4 jmiol) of deoxy phosphoramidite and a 70-fold excess of S-efhyl tetrazole 
(40 }iL of 0.25 M = 10 fmiol) can be used in each coiqpling cycle of deoxy residues relative to 
polymer-bound 5'-hydroxyL Average coupling yields on tihe 394 Applied Biosystems, Inc. 
synthesizer, determined by colorimetric quantitation of the trityl fractions, are typically 97.5- 
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99%. Oflier oligonucleotide synthesis reagents for the 394 Applied Biosystems, Inc. 
synthesizer include the following: detritylation solution is 3% TCA in methylene chloride 
(ABI); capping is performed with 16% A^-methyl imidazole in THF (ABI) and 10% acetic 
anhydride/10% 2,6-lutidine in THF (ABI); and oxidation solution is 16.9 mM I2, 49 mM 
pyridine, 9% water in THF (PERSEPTIVE'^m). Burdick & Jackson Synthesis Grade 
acetonitrile is used directly from the reagent bottle. S-Ethyltetrazole solution (0.25 M in 
acetonitrile) is made up from the solid obtained from American International Chemical, Inc. 
Alternately, for the introduction of pbosphorofliioate linkages, Beaucage reagent (3H-1,2- 
Benzodithiol-3'K)ne 1,1 -dioxide, O.OS M in acetonitrile) is used. 

Deprotection of the DNA-based oligonucleotides is performed as follows: the polymer- 
bound trityl-on oligoribonucleotide is transferred to a 4 mL glass screw top vial and 
suspended in a solution of 40% aq. methylamuie (1 mL) at 65 °C for 10 min. After cooling 
to -20 the supeniatant is removed from the polymer support The support is washed three 
times with 1.0 mL of EtOH:MeCN:H20/3:l:l, vortexed and tiie supernatant is then added to 
the first supernatant. The combined supematants, containing the oligoribonucleotide, are 
dried to a white powder. 

The method of synfliesis used for normal RNA including certain decoy nucleic acid 
molecules and enzymatic nucleic acid molecules follows the procedure as described in 
Usman et ai, 1987, X Am, Chenu Soc, 109, 7845; Scaringe et al, 1990, Nucleic Acids Res., 
18, 5433; and Wincott et al, 1995, Nucleic Acids Res, 23, 2677-2684 Wincott et al, 1997, 
Methods Mol Bio,^ 74, 59, and makes use of common nucleic acid protecting and coupling 
groups, such as dimethoxytrityl at the 5'-end, and phosphoramidites at the 3'-end. In a non- 
limiting example, small scale syntheses are conducted on a 394 Applied Biosystems, Inc. 
synthesizer using a 0.2 p.mol scale protocol with a 7.5 min coupling step for alkylsilyl 
protected nucleotides and a 2.5 min coupling step for 2'-0-methylated nucleotides. Table n 
outlines the amounts and the contact times of the reagents used in the synthesis cycle. 
Alternatively, syntheses at the 0.2 fimol scale can be done on a 96-well plate synthesizer, 
such as the instrument produced by Protogene (Palo Alto, CA) with minimal modification to 
flie cycle. A 33-fold excess (60 ^L of 0.11 M = 6.6 ^mol) of 2'-0-methyl phosphoramidite 
and a 75-fold excess of S-ethyl tetrazole (60 jiL of 0.25 M = 15 ^mol) can be used in each 
coupling cycle of 2'-0-methyl residues relative to polymer-bound 5'-hydroxyL A 66-fold 
excess (120 \iL of 0.11 M = 13.2 jimol) of alkylsilyl (ribo) protected phosphoramidite and a 
150-fold excess of S-ethyl tetrazole (120 p.L of 0.25 M == 30 p.mol) can be used in each 
coupling cycle of ribo residues relative to polymer-boimd 5'-hydroxyl. Average coupling 
yields on the 394 Applied Biosystems, Inc. synthesizer, determined by colorimetric 
quantitation of the trityl fractions, are typically 97.5-99%. Oflier oligonucleotide synthesis 
reagents for the 394 Applied Biosystems, Inc. synfliesizer include the following: detritylation 
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solution is 3% TCA in methylene chloride (ABI); capping is perfomed with 16% JST-methyl 
imidazole in THF (ABI) and 10% acetic anhydride/10% 2,6-lutidine in THF (ABI); oxidation 
solution is 16.9 mM I2, 49 mM pyridine, 9% water in THF (PERSEPTIVE'^m)- Burdick & 
Jackson Synthesis Grade acetonitrile is used directly from the reagent bottle. S- 
Ethyltetrazole solution (0.25 M in acetonitrile) is made up from the solid obtaiued from 
American International Chemical, Inc. Alternately, for the introduction of phosphorothioate 
linkages, Beaucage reagent (3H-l,2-Benzodithiol-3-one l,l-^ioxide0.05 M in acetonitrile) is 
used. 

Deprotection of the RNA is performed using either a two-pot or one-pot protocol. For 
Ihe two-pot protocol, the polymer-bound trityl-on oligoribonucleotide is transferred to a 4 mL 
glass screw top vial and suspended in a solution of 40% aq. methylamine (1 mL) at 65 °C for 
10 min. After cooling to -20 ^C, the supernatant is removed from the polymer support. The 
support is washed three times with 1.0 mL of EtOH:MeCN:H20/3:l:l, vortexed and the 
supernatant is tiien added to tiie first supernatant The combined supematants, contaming the 
oligoribonucleotide, are dried to a white powder. The base deprotected oligoribonucleotide is 
resuspended in anhydrous TEATHF/NMP solution (300 of a solution of 1.5 mL N- 
methylpyrrolidinone, 750 ^L TEA and 1 mL TEA»3HF to provide a 1.4 M HF concentration) 
and heated to 65 ^'C. After 1.5 h, the oligomer is quenched with 1.5 M NH4HCO3. 

Altematively, for Ihe one-pot protocol, the polymer-bound trityl-on oligoribonucleotide 
is transferred to a 4 mL glass screw top vial and suspended in a solution of 33% ethanolic 
methylamine/DMSO: 1/1 (0.8 mL) at 65 °C for 15 min. The vial is brought to r.t TEA-3HF 
(0.1 mL) is added and the vial is heated at 65 '^C for IS min. The sample is cooled at -20 °C 
and then quenched with 1.5 M NH4HCO3. 

For purification of the trityl-on oligomers, the quenched NH4HCO3 solution is loaded 
onto a C-18 containing cartridge that had been prewashed with acetonitrile followed by 50 
mM TEAA After washing flie loaded cartridge with water, Ihe RNA is detrilylated with 
0.5% TFA for 13 min. The cartridge is then washed again wifli water, salt exchanged with 1 
M NaCl and washed with water again. The oligonucleotide is then eluted with 30% 
acetonitrile. 

Inactive hammeifaead ribozymes or binding attenuated control (BAC) oligonucleotides 
are synthesized by substituting a U for Gs and a U for A14 (numbermg from Hertel, K. J., et 

al, 1992, Nucleic Acids Res. > 20, 3252). Similarly, one or more nucleotide substitutions can 
be introduced in other nucleic acid decoy molecules to inactivate tiie molecule and such 
molecules can serve as a negative control. 
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The average stepwise coupling yields are typically >98% (Wincott et aL, 1995 Nucleic 
Acids Resi 23, 2677-2684). Those of ordinary skill in the art will recognize that flie scale of 
synthesis can be adapted to be larger or smaller than flie example described above mcluding . 
but not limited to 96-well format, all that is important is ihe ratio of chemicals used in the 
reaction. 

Alternatively, the nucleic acid molecules of the present invention can be synthesized 
separately and joined together post-synthetically, for example, by ligation ^oore et aL^ 
1992, Science 256, 9923; Draper et al, Intemational PCT publication No. WO 93/23569; 
Shabarova a/., 1991, Nucleic Acids Research 19, 4247; Bellon etal, 1997, Nucleosides & 
Nucleotides, 16, 95U Bollon etaL, 1997, Bioconjugate Chem, 204), 

The nucleic acid molecules of the present invention can be modified extensively to 
enhance stability by modification with nuclease resistant groups, for example, 2'-amino, 2 -C- 
allyl, 2'-flouro, 2»-0-methyl, 2*-H (for a review see Usman and Cedergren, 1992, UBS 17, 34; 
Usman et al, 1994, Nucleic Acids Symp, Sen 31, 163). Ribozymes can be purified by gel 
electrophoresis using general me&ods or can be purified by high pressure liquid 
chromatography (HPLC; see Wincott et aL, supra, Hhe totality of which is hereby 
incorporated herein by refermce) and re-suspended in water. 

The sequences of the nucleic acid molecules that are chemically synthesized, usefiil in 
this study, are shown in Tables XI, XV, XX, XXI, XXn and XXm. The nucleic acid 
sequences listed in Tables IV-XI, XTV-XV and XVHI-XXm can be formed of 
ribonucleotides or other nucleotides or non-nucleotides. Such nucleic acid sequences are 
equivalent to the sequences described specifically in the Tables. 

O ptiinizing Activity of the nucleic acid molecule of the invention 

Chemically synthesizing nucleic acid molecules with modifications (base, sugar and/or 
phosphate) can prevent their degradation by serum ribonucleases, which can increase their 
potency (see e.g., Eckstein et aL, Intemational Publication No. WO 92/07065; Perrault et aL, 
1990 Nature 344, 565; Pieken et al, 1991, Science 253, 314; Usman and Cedergren, 1992, 
Trends ifi Biochem. Scu 17, 334; Usman et al, Intemational Publication No. WO 93/15187; 
and Rossi et aL, Intemational Publication No. WO 91/03162; Sproat, US Patent No. 
5,334,71 1; Gold et al, US 6,300,074; and Burgin et aL, supra; all of which are incorporated 
by reference herein). All of the above references describe various chemical modifications that 
can be made to the base, phosphate and/or sugar moieties of the nucleic acid molecules 
described herein. Modifications that enhance their efficacy in cells, and removal of bases 
ficom nucleic acid molecules to shorten oligonucleotide synthesis times and reduce chemical 
requirements are desired. 
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There are several exaixq)les in the art describing sugar, base and phosphate 
modifications that can be introduced into nucleic acid molecules with significant 
enhancement in their nuclease stability and efficacy. For example, oligonucleotides are 
modified to enhance stability and/or enhance biological activity by modification with 
nuclease resistant groups, for example, 2'-amino, 2'-C-allyl, 2*-flouro, 2*-0-methyl, 2 -H, 
nucleotide base modifications (for a review see Usman and Cedergren, 1992, TIBS, 17, 34; 
Usman etal, 1994, Nucleic Acids Symp. Ser, 31, 163; Burgin et al, 1996, Biochemistry, 35, 
14090). Sugar modification of nucleic acid molecules have been extensively described in flie 
art (see Eckstein et al. International Publication PCT No. WO 92/07065; Perrault et al 
Nature, 1990, 344, 565-568; Pieken et al Science, 1991, 253, 314-317; Usman and 
Cedergren, Trends in Biochem, Sci , 1992, 77, 334-339; Usman et al International 
Publication PCT No. WO 93/15187; Sproat, US Patent No. 5,334,711 and Beigehnan et al, 
1995, J. Biol Chem,, 270, 25702; Beigehnan et al. International PCT publication No. WO 
97/26270; Beigelman et al, US Patent Na 5,716,824; Usman et al, US patent No. 
5,627,053; Woolf al. International PCT Publication No. WO 98/13526; Thompson et al, 
USSN 60/082,404 which was filed on April 20, 1998; Karpeisky et al, 1998, Tetrahedron 
Lett., 39, 1131; Eamshaw and Gait, 1998, Biopolymers (Nucleic Acid Sciences), 48, 39-55; 
Verma and Eckstein, 1998, AnniL Rev. Biochem,, 61, 99-134; and Burlina et al, 1997, 
Bioorg. Med. Chem., 5, 1999-2010; all of the references are hereby incorporated in their 
totality by reference herein). Such publications describe general methods and strategies to 
determine the location of incorporation of sugar, base and/or phosphate modifications and the 
like into ribozymes without modulating catalysis, and are incorporated by reference herem. 
In view of such teachings, shnilar modifications can be used as described herein to modify 
die nucleic acid molecules of the instant inventioiL 

While chemical modification of oligonucleotide intemucleotide linkages wifli 
phosphorothioate, phosphorofliioate, and/or 5*-me1hylphosphonate linkages improves 
stability, ^cessive modifications can cause some toxicity. Therefore, when designing 
nucleic acid molecules, the amount of these intemucleotide linkages should be minimized. 
The reduction in the concentration of these linkages should lower toxicity, resulting in 
increased efficacy and higher specificity of these molecules. 

Nucleic acid molecules having chemical modifications that maintam or enhance 
activity are provided. Such a nucleic acid is also generally more resistant to nucleases than 
an unmodified nucleic acid. Accordingly, the ift vitro and/or in vivo activity should not be 
significantly lowered. In cases in which modulation is the goal, therapeutic nucleic acid 
molecules delivered exogenously should optimally be stable within cells until translation of 
flie target RNA has been modulated long enough to reduce tfie levels of the undesirable 
protein. This period of time varies between hoiurs to days depending upon the disease state. 
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Improvements in the chemical synthesis of RNA and DNA (Wincott et al^ 1995 Nucleic 
Acids Res. 23, 2677; Caruthers et al, 1992, Methods in Emyniology 211,3-19 (incorporated 
by reference herein)) have expanded the ability to modify nucleic acid molecules by 
introducing nucleotide modifications to enhance &eir nuclease stability, as described above. 

In one embodiment, nucleic acid molecules of the invention include one or more G- 
clamp nucleotides. A G-clamp nucleotide is a modified cytosine analog wherein &e 
modifications confer &e ability to hydrogen bond both Watson-Crick and Hoogsteen faces of 
a complementary guanine within a duplex, see for example Lm and Matteucci, 1998, 1 Am, 
Chem. Soc, 120, 8531-8532. A single G-cIamp analog substation within an oligonucleotide 
can result in substantially enhanced helical thermal stability and mismatch discrimination 
when hybridized to complementary oligonucleotides. The inclusion of such nucleotides in 
nucleic acid molecules of the invention results in both enhanced affinity and specificity to 
nucleic acid targets, hi another embodiment nucleic acid molecules of the invention include 
one or more LNA '^locked nucleic acid" nucleotides such as a 2\ 4*-C methylene bicyclo 
nucleotide (see for example Wengel et aL, International PCT Publication No. WO 00/66604 
and WO 99/14226). 

In another embodiment, the inv^tion features conjugates and/or complexes of niicleic 
acid molecules targeting HBV or HCV. Such conjugates and/or complexes can be used to 
facilitate delivery of molecules into a biological system, such as a cell. The conjugates and 
complexes provided by the instant invention can impart therapeutic activity by transferring 
therapeutic compounds across cellular membranes, altering the pharmacokinetics, and/or 
modulating the localization of nucleic acid molecules of the invention. The present invention 
encompasses the design and synfliesis of novel conjugates and con:q)lexes for the delivery of 
molecules, including, but not limited to, small molecules, lipids, phospholipids, nucleosides, 
nucleotides, nucleic acids, antibodies, toxins, negatively charged polymers and other 
polymers, for example proteins, peptides, hormones, carbohydrates, polyethylene glycols, or 
polyamines, across cellular membranes. In general, the transporters described are designed to 
be used either individually or as part of a multi-component system, with or without 
degradable linkers. These compounds are expected to improve delivery and/or localization of 
nucleic acid molecules of the invention into a nmnber of cell types originating from different 
tissues, in the presence or absence of serum (see Sullenger and Cech, US 5,854,038). 
Conjugates of the molecules described herein can be attached to biologically active molecules 
via linkers that are biodegradable, such as biodegradable nucleic acid linker molecules. 

The term "biodegradable nucleic acid linker molecule" as used herein, refers to a 
nucleic acid molecule that is designed as a biodegradable linker to coimect one molecule to 
another molecule, for example, a biologically active molecule. The stability of the 
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biodegradable nucleic acid linker molecule can be modulated by using various combinations 
of ribonucleotides, deoxyribonucleolides, and chemically modified nucleotides, for example, 
2'-0-mefhyl, 2'-fluoro, 2'.amino, 2*-0-amino, 2*--C-allyI, 2'-0-allyl, and other 2'-modified 
or base modified nucleotides. The biodegradable nucleic acid linker molecule can be a 
dimer, trimer, tetramer or longer nucleic acid molecule, for example, an oligonucleotide of 
about 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20 nucleotides in length, or 
can comprise a single nucleotide with a phosphorus-based linkage, for example, a 
phosphoramidate or phosphodiester linkage. The biodegradable nucleic acid linker molecule 
can also comprise nucleic acid backbone, nucleic acid sugar, or nucleic acid base 
modifications. 

The term "biodegradable" as used herein, refers to degradation in a biological system, 
for example enzymatic degradation or chemical degradation. 

The term "biologically active molecule" as used herein, refers to compounds or 
molecules that are capable of eliciting or modifying a biological response in a system. Non- 
limiting examples of biologically active molecules contemplated by the instant invention 
include therapeutically active molecules such as antibodies, hormones, antivirals, peptides, 
proteins, chemotherapeutics, small molecules, vitamins, co-factors, nucleosides, nucleotides, 
oligonucleotides, enzymatic nucleic acids, - antisense nucleic acids, triplex forming 
oligonucleotides, 2,5-A chimeras, siRNA, dsRNA, allozymes, aptamers, decoys and analogs 
thereof. Biologically active molecules of the invention also include molecules capable of 
modulating the pharmacokinetics and/or pharmacodynamics of o&er biologically active 
molecules, for example, lipids and polymers such as polyamines, polyamides, polyethylene 
glycol and other polye&ers. 

The term "phospholipid" as used herein, refers to a hydrophobic molecule comprising 
at least one phosphorus group. For exanaple, a phospholipid can comprise a phosphorus- 
containing group and saturated or imsaturated alkyl group, optionally substituted with OH, 
COOH, 0X0, anoine, or substituted or unsubstituted aryl groups. 

Therapeutic nucleic acid molecules (e.g., decoy nucleic acid molecules) delivered 
exogenously optimally are stable within cells until reverse trascription of the pregenomic 
RNA has been modulated long enough to reduce the levels of HBV or HCV DNA. The 
nucleic acid molecules are resistant to nucleases in order to function as effective intracellular 
therapeutic agents, inprovements in flie chemical synthesis of nucleic acid molecules 
described in the instant invention and in the art have expanded the ability to modify nucleic 
acid molecules by introducing nucleotide modifications to enhance their nuclease stability as 
described above. 
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In yet another embodiment, nucleic acid molecules having chemical modifications that 
maintain or enhance enzymatic activity are provided. Such nucleic acids are also generally 
more resistant to nucleases than unmodified nucleic acids. Thus, in vitro and/or in vivo the 
activity should not be significantly lowered. As exemplified herein, such nucleic acid 
molecules are usefiil in vitro and/or in vivo even if activity over all is reduced 10 fold (Burgin 
etal, 1996, Biochemistry, 35, 14090). 

Use of the nucleic acid-based molecules of the invention will lead to better treatment 
of the disease progression by affording the possibility of combination therapies (eg., multq)le 
antisense, nucleic acid decoy, or nucleic acid aptamer molecules targeted to different genes; 
nucleic acid molecules coupled with known small molecule modulators ors; or intermittent 
treatment with combinations of molecules (including different motifs) and/or other chemical 
or biological molecules). The treatment of patients with nucleic acid molecules may also 
include combinations of different types of nucleic acid molecules. 

In another aspect the nucleic acid molecules comprise a 5* and/or a 3 *- cap structure. 

By "cap structure" is meant chemical modifications, which have been incorporated at 
either terminus of the oligonucleotide (see, for example, Wincott et al, WO 97/26270, 
incorporated by reference herein). These terminal modifications protect the nucleic acid 
molecule from exonuclease degradation, and may help in delivery and/or localization within 
a cell. The cap may be present at the 5*-terminus (5'-cap) or at Ihe S'-terminal (3'-cap) or 
may be present on both termini. In non-limiting examples: the S'-cap is selected firom the 
group comprising inverted abasic residue (moiety); 4',S*-metfaylene nucleotide; l-(beta-D- 
etyfhrofiiranosyl) nucleotide, 4-thio nucleotide; carbocyclic nucleotide; 1,5-anhydrohexitol 
nucleotide; L-nucleotides; alpha-nucleotides; modified base nucleotide; phosphorodithioate 
linkage; rAreo-pentofuranosyl nucleotide; acyclic 3',4-seco nucleotide; acyclic 3,4- 
dihydroxybutyl nucleotide; acyclic 3,5-dihydroxypentyl nucleotide, 3'-3*-inverted nucleotide 
moiety; 3 -3'-inverted abasic moiety; 3 -2 -inverted nucleotide moiety; 3 -2-inverted abasic 
moiety; 1,4-butanediol phosphate; 3-phosphoramidate; hexyl^hosphate; aminohexyl 
phosphate; 3-phosphate; 3-phosphorotfaioate; phosphorodithioate; or bridging or non- 
bridging methylphosphonate moiety (for more details, see Wincott et al, Intemational PCT 
publication No. WO 97/26270, incorporated by reference herein). 

In yet anoth^ prefened embodiment, the 3*-cap is selected fi:om a group comprising, 
4',5 -methylene nucleotide; l-(beta-D-erythrofuranosyl) nucleotide; 4'-1hio nucleotide, 
carbocyclic nucleotide; 5'-amino-alkyl phosphate; l,3-diamino-2-propyl phosphate; 3- 
aminopropyl phosphate; 6-aminohexyl phosphate; 1,2-aminododecyl phosphate; 
hydroxypropyl phosphate; 1,5-anhydrohexitol nucleotide; L-nucleotide; alpha-nucleotide; 
modified base nucleotide; phosphorodithioate; ^/ireo-pentofuranosyl nucleotide; acyclic 3\4'- 



73 



wo 02/081494 



CA 02442092 2003-09-25 



PCT/US02/09187 



seco nucleotide; 3,4-dihydroxybutyl nucleotide; 3,5-dihydioxypenlyl nucleotide, 5*-5- 
inverted nucleotide moiety; 5-5'-inverted abasic moiety; 5-phosphoramidate; 5*- 
phosphorothioate; l34-butanediol phosphate; S'-amino; bridging and/or non-bridging S- 
phosphoramidate, phosphorofhioate and/or phosphorodithioate, bridging or non bridging 
methylphosphonate and 5'-mercapto moieties (for more details see Beaucage and Iyer, 1993, 
Tetrahedron 49, 1925; incorporated by reference herein). 

By the term "non-nucleotide" is meant any group or compound which can be 
incorporated into a nucleic acid chain in the place of one or more nucleotide units, including 
either sugar and/or phosphate substitutions, and allows the remaining bases to exhibit their 
enzymatic activity. The group or compound is abasic in that it does not contain a commonly 
recognized nucleotide base, such as adenosine, guanine, cytosine, uracil or thymine. 

The term "alkyl'* as used herein refers to a saturated aliphatic hydrocarbon, including 
straight-chain, branched-chain "isoalkyl", and cyclic alkyl groups. The term "alkyl" also 
comprises alkoxy, alkyl-thio, alkyl-thio-alkyl, alkoxyalkyl, alkylamino, alkenyl, alkynyl, 
alkoxy, cycloalkenyl, cycloalkyl, cycloalkylalkyl, heterocycloalkyl, heteroaryl, C1-C6 
hydrocarbyl, aryl or substituted aryl groups. Preferably, the 2Sky\ group has 1 to 12 carbons. 
More preferably it is a lower alkyl of from about 1 to 7 carbons, more preferably about 1 to 4 
carbons. TTie alkyl group can be substituted or unsubstituted. When substituted flie 
substituted group(s) preferably comprise hydroxy, oxy, thio, amino, nitro, cyano, alkoxy, 
alkyl-thio, alkyl-thio-alkyl, alkoxyalkyl, alkylamino, silyl, alkenyl, alkynyl, alkoxy, 
cycloalkenyl, cycloalkyl, cycloalkylalkyl, heterocycloalkyl, heteroaryl, C1-C6 hydrocarbyl, 
aryl or substituted aryl groups. The term "alkyl" also includes alkenyl groups containing at 
least one carbon-carbon double bond, including straight-chain, branched-chain, and cyclic 
groups. Preferably, the alkenyl group has about 2 to 12 carbons. More preferably it is a 
lower alkenyl of from about 2 to 7 carbons, more preferably about 2 to 4 carbons. The 
alkenyl group can be substituted or unsubstituted. When substituted the substituted group(s) 
preferably comprise hydroxy, oxy, thio, amino, nitro, cyano, alkoxy, alkyl-thio, alkyl-thio- 
alkyl, alkoxyalkyl, alkylamino, silyl, alkenyl, alkynyl, alkoxy, cycloalkenyl, cycloalkyl, 
cycloalkylalkyl, heterocycloalkyl, heteroaryl, C1-C6 hydrocarbyl, aryl or substituted aryl 
groups. The term "alkyl" also includes alkynyl groups containing at least one carbon-carbon 
triple bond, including straight-cham, branched-chain, and cyclic groups. Preferably, the 
alkynyl group has about 2 to 12 carbons. More preferably it is a lower alkynyl of from about 
2 to 7 carbons, more preferably about 2 to 4 carbons. The alkynyl group can be substituted or 
unsubstituted. When substituted the substituted group(s) preferably comprise hydroxy, oxy, 
Alio, amino, nitro, cyano, alkoxy, alkyl-thio,^ alkyl-thio-alkyl, alkoxyalkyl, alkylamino, silyl, 
alkenyl, alkynyl, alkoxy, cycloalkenyl, cycloalkyl, cycloalkylalkyl, heterocycloalkyl, 
heteroaryl, C1-C6 hydrocarbyl, aryl or substituted aryl groups. ADcyl groups or moieties of 
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the invention can also include aiyl» alkylaiyl, carbocyclic aryl, heterocyclic aryl, amide and 
ester groups. The preferred substituent(s) of aiyl groups are halogen, trihalomefhyl, 
hydroxyl, SH, OH, cyano, alkoxy, alljyl, alkenyl, alkynyl, and amino groups. An "alkylaryl" 
group refers to an alkyl group (as described above) covalently joined to an aryl group (as 
described above). Carbocyclic aryl groups are groups wherein the ring atoms on the aromatic 
ring are all carbon atoms. The carbon atoms are optionally substituted. Heterocyclic aryl 
groups are groups having from about 1 to 3 heteroatoms as ring atoms in the aromatic ring 
and the remainder of the ring atoms are carbon atoms. Suitable heteroatoms include oxygen, 
sulfur, and nitrogen, and include fiuanyl, thienyl, pyridyl, pyrrolyl, N-lower alkyl pynolo, 
pyrimidyl, pyrazinyl, imidazolyl and the like, all optionally substituted. An "amide" refers to 
an -C(0)-NH-R, where R is either alkyl, aryl, alkylaryl or hydrogen. An "ester" refers to an - 
C(0)-OR, where R is either alkyl, aryl, allq^laryl or hydrogen. 

The term ^'alkoxyall^r' as used herein refers to an alkyl-O-allgrl ether, for example 
methoxyelhyl or ethoxymethyl. 

TTie term "aftyl-thio-alkyl" as used herein refers to an alkyl-S-alkyl thioether, for 
example methylthiomethyl or methylthioethyl. 

The term "amination" as used herein refers to a process in which an amino group or 
substituted amine is introduced into an organic molecule. 

The term "exocyclic amine protecting moiety" as used herein refers to a nucleobase 
amino protecting group compatible with oligonucleotide synthesis, for exanq)le an acyl or 
amide group. 

The term "alkenyl" as used herein refers to a straight or branched hydiocaibon of a 
designed number of carbon atoms containing at least one carbon-carbon double bond. 
Examples of "alkenyl" include vinyl, allyl, and 2-methyl-3-heptene. 

The term "alkoxy" as used herein refers to an alkyl group of indicated number of 
carbon atoms attached to die parent molecular moiety through an oxygen bridge. Examples 
ofdSkoxy groups include, for example, methoxy, ethoxy, propoxy and isopropoxy. 

The term "alkynyl" as used herein refers to a straight or branched hydrocarbon of a 
designed number of carbon atoms containing at least one carbon-carbon triple bond. 
Examples of "alkynyl" include propargyl, propyne, and 3-hexyne. 

The term "aryl" as used herein refers to an aromatic hydrocarbon ring system 
containing at least one aromatic ring. The aromatic ring can optionally be fused or otherwise 
attached to other aromatic hydrocarbon rings or non-aromatic hydrocarbon rings. Examples 



75 



wo 02/081494 



CA 02442092 2003-09-25 



PCT/US02/09187 



of aiyl groups include, for example, phenyl, naphifayl, l,2,3,4-teti:aliydronaph1faalene and 
biphenyl. Preferred examples of aryl groiq)s include phenyl and naphthyL 

The term "cycloalkenyl" as used herein refers to a C3-C8 cyclic hydrocarbon 
containing at least one carbon-carbon double bond. Examples of cycloalkenyl include 
cyclopropenyl, cyclobutenyl, cyclopentenyl, cyclopentadiene, cyclohexenyl, 1,3- 
cyclohexadiene, cycloheptenyl, cycloheptatrienyl, and cyclooctenyl. 

The term "cycloalkyl" as used herein refers to a C3-C8 cyclic hydrocarbon. Examples 
of cycloalkyl include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl and 
cyclooctyl. 

The term "cycloalkylalkyl," as used herein, refers to a C3-C7 cycloalkyl group 
attached to the parent molecular moiety through an alkyl group, as defined above. Examples 
of cycloalkylalkyl groups include cyclopropyhnethyl and cyclopentylethyl. 

The terms 'lialogen" or **halo" as used herein refers to indicate fluorine, chlorine, 
bromine, and iodine. 

The term "heterocycloalkyl," as used herein refers to a non-aromatic ring system 
containing at least one heteroatom selected from nitrogen, oxygen, and sulfur. Hie 
heterocycloalkyl ring can be optionally fused to or otherwise attached to other 
heterocycloalkyl rings and/or non-aromatic hydrocarbon rings. Preferred heterocycloalkyl 
groups have from 3 to 7 members. Examples of heterocycloalkyl groups include, for 
example, piperazine, morpholine, piperidine, tetrahydrofuran, pyrrolidine, and pyrazole. 
Preferred heterocycloalkyl groiq)s include piperidinyl, piperazinyl, morpholinyl, and 
pyrolidmyl. 

The term "heteroaiyl" as used herein refers to an aromatic ring system containing at 
least one heteroatom selected from nitrogen, oxygen, and sulfur. The heteroaryl ring can be 
fused or otherwise attached to one or more heteroaryl rings, aromatic or non-aromatic 
hydrocarbon rings or heterocg^cloalkyl rings. Examples of heteroaryl groups include, for 
example, pyridine, furan, thiophene, 5,6,7,8-tetrahydroisoquinoline and pyrimidine. 
Preferred examples of heteroaryl groups include thienyl, benzolhienyl, pyridyl, quinolyl, 
pyrazmyl, pyrimidyl, imidazolyl, benzimidazolyl, furanyl, benzofuranyl, thiazolyl, 
benzothiazolyl, isoxazolyl, oxadiazolyl, isothiazolyl, benzisothiazolyl, triazolyl, tetrazolyl, 
pyrrolyl, indolyl, pyrazolyl, and benzopyrazolyl. 

The term "C1-C6 hydrocarbyl" as used herein refers to straight, branched, or cyclic 
alkyl groups having 1-6 carbon atoms, optionally containing one or more carbon-carbon 
double or triple bonds. Examples of hydrocarbyl groups include, for example, methyl, ethyl. 
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propyl, isopropyl, n-butyl, sec-butyl, tert-butyl, pentyl, 2-peiityl, isopentyl, neopentyl, hexyl, 
2-hexyl/ 3-Jiexyl, 3-methylpentyl, vinyl, 2-pentene, cyclopropylmethyl, cyclopropyl, 
cyclohexylmethyl, cyclohexyl and propargyl. When leference is made herein to Cl-CS 
hydrocarbyl containing one or two double or triple bonds it is understood that at least two 
carbons are present in the alkyl for one double or triple bond, and at least four carbons for 
two double or triple bonds. 

The term "nucleotide" as used herein refers to a heterocyclic nitrogenous base in 
glycosidic linkage with a phosphorylated sugar. Nucleotides are recognized in the art to 
include natural bases (standard), and modified bases well known in the art. Such bases are 
generally located at the V position of a nucleotide sugar moiety. Nucleotides generally 
comprise a base, sugar and a phosphate group. The nucleotides can be unmodified or 
modified at the sugar, phosphate and/or base moiety, (also referred to interchangeably as 
nucleotide analogs, modified nucleotides, non-natural nucleotides, non-standard nucleotides 
and other, see for example, Usman and McSwiggen, stqjra; Eckstein et al, International FCT 
Publication No. WO 92/07065; Usman et al. International PCT Publication No. WO 
93/15187; Uhlman & Peyman, supra all are hereby incorporated by reference herein. There 
are several examples of modified nucleic acid bases known in the art as sumnMrized by 
Limbacb et aL, 1994, Nucleic Acids Res. 22, 2183. Some of the non-limiting examples of 
chemically modified and o&er natural nucleic acid bases that can be introduced into nucleic 
acids include, for example, inosine, purine, pyridin-4-one, pyridin-2-one, phenyl, 
p.seudouracil, 2, 4, 6-trimethoxy benzene, 3-mefliyl mracil, dihydrouridme, naphfliyl, 
ammophenyl, 5-alkylcytidmes (eg,, 5-methylcytidine), 5-alkyluridines {e,g., ribothymidine), 
5-halouridine {e,g., 5-bromouridine) or 6-'azapyrimidines or 6-alkylpyrimidines (eg. 6- 
me&yluridine), propyne, quesosme, 2-thiouridine, 4-thiouridine, wybutosine, wybutoxosine, 
4-acetylcytidine, 5-(carboxyhydroxymethyl)uridine, 5 '-carboxymethylaminomethyl-2- 
thiouridine, S-cafboxyme&ylaminome&yluridine, beta-D-galactosylqueosine, 1- 
melhyladenosine, 1-methylinosine, 2,2-dimethylguanosine, 3-mefliylcytidine, 2- 
methyladenosine, 2-me1hylguanosine, N6-methyladenosine, 7-methylguanosine, 5- 
me1hoxyaminomethyl-2-thiouridine, 5-methylaminomethyluridine, 5- 

methylcarbonylmethyluridine, 5-methyloxyuridine, 5-methyl-2-thiouridine, 2-methylthio-N6- 
isopentenyladenosine, beta-D-mannosylqueosine, uridine-5-oxyacetic acid, 2-thiocytidine, 
threonine derivatives and others (Burgm et al, 1996, Biochemistry, 35, 14090; Uhlman & 
Peyman, supra). By "modified bases" in this aspect is meant nucleotide bases other than 
adenine, guanme, cytosme and uracil at V position or their equivalents; such bases can be 
used at any position, for example, within flie catalytic core of an enzymatic nucleic acid 
molecule and/or in the substrate-binding regions of the nucleic acid molecule. 
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The tenn "nucleoside" as used herein refers to a heterocyclic nitrogenous base in N- 
glycosidic linkage with a sugar. Nucleosides are recognized in the art to include natural 
bases (standard), and modified bases well known in Ihe art. Such bases are generally located 
at the r position of a nucleoside sugar moiety. Nucleosides generally comprise a base and 
sugar group. The nucleosides can be unmodified or modified at the sugar, and/or base moiety 
(also referred to interchangeably as nucleoside analogs, modified nucleosides, non-natural 
nucleosides, non-standard nucleosides and other; see for example, Usman and McSwiggen, 
supra; Eckstein et aL, International PCT Publication No. WO 92/07065; Usman et al, 
International PCT Publication No. WO 93/15187; Uhtaian & Peyman, supra aU are hereby 
incorporated by reference herein). There are several examples of modified nucleic acid bases 
known in the art as summarized by Limbach et al, 1994, Nucleic Acids Res. 22, 2183. Some 
of the non-limiting examples of chemically modified and other natural nucleic acid bases that 
can be introduced into nucleic acids include, inosine, purine, pyridin-4-one, pyridin-2-one, 
phenyl, pseudouracil, 2, 4, 6-trimethoxy benzene, 3-methyl uracil, dihydrouridine, naphthyl, 
aminophenyl, 5-alkylcytidines (e^., 5-methylcytidine), 5-alkyluridines (e.g., ribothymidme), 
5-halouridine (e.g., 5-bromouridme) or 6-azapyrimidines or 6-alkylpyrimidines {e,g, 6- 
methyluridine), propyne, quesosine, 2-fliiouridme, 4-thiouridine, wybutosine, wybutoxosine, 
4-acetylcytidine, 5-(carboxyhydroxymefhyl)uridine, 5'-carboxymethylaminomefhyl-2- 
thiouridine, 5-carboxymethylaminomefliyluridine, beta-D-galactosylqueosine, 1- 
methyladenosine, 1-methyIinosine, 2,2-dimethylguanosine, 3-methylcytidme, 2- 
melhyladenosine, 2-methylguanosine, N6-methyladenosme, 7-methylguanosine, 5- 
methoxyaminomethyl-2-thiouridine, 5-methylaminomethyluridine, 5- 

methylcarbonyhnethyluridine, 5-mefhyloxyuridine, 5-mefliyl-2-tbiouridine, 2-metiiyltiiio-N6- 
isopentenyladenosine, beta-D-mannosylqueosine, uridine-5-oxyacetic acid, 2-thiocytidine, 
threonine derivatives and others (Burgin et al, 1996, Biochemistry, 35, 14090; Uhlman & 
Peyman, supra). By "modified bases" in this aspect is meant nucleoside bases other than 
adenine, guanine, cytosine and uracil at V position or their equivalents; such bases can be 
used at any position, for example, wilhin Ibe catalytic core of an enzymatic nucleic acid 
molecule and/or in the substrate-binding regions of the nucleic acid molecule. 

In one embodiment, the invention features modified nucleic acid molecules with 
phosphate backbone modifications comprising one or more phosphorothioate, 
phosphorodithioate, melhylphosphonate, morpholmo, amidate carbamate, carboxymethyl, 
acetamidate, polyamide, sulfonate, sulfonamide, sulfamate, formacetal, fliioformacetal, 
and/or alkylsilyl, substitutions. For a review of oligonucleotide backbone modifications see 
Hunziker and Leumann, 1995, Nucleic Acid Analogues: Synthesis and Properties, in Modem 
Synthetic Methods, VCH, 331-417, and Mesmaeker et al, 1994, Novel Backbone 
Replacements for Oligonucleotides, in Carbohydrate Modifications in Antisense Research, 
ACS, 24-39. These references are hereby incorporated by reference herein. 
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The tenn "abasic" as used herein refers to sugar moieties lacking a base ox having other 
chemical groups in place of a base at the 1* position, for example a 3%3'-linked or 5*,5'- 
linked deoxyabasic xibose derivative (fox more details see Wincott et al, Intematianal PCT 
pubUcationNo. WO 97/26270). 

The term "unmodijBed nucleoside" as used herein refers to one of the b^es adenine, 
cytosine, guanine, thynune, uracil joined to &e V carbon of ^-D-ribo-furanose. 

The term "modified nucleoside" as used herein refers to any nucleotide base which 
contains a- modification in the chemical stmcture of an unmodified nucleotide base, sugar 
and/or phosphate. 

In connection with 2*-modified nucleotides as described for the present invention, by 
"amino" is meant 2'-NH2 or T-O- NH2, which can be modified or unmodified. Such 
modified groups aife described, for example, in Eckstem et al, U.S. Patent 5,672,695 and 
Matulic-Adamic et al, WO 98/28317, respectively, which are both incorporated by reference 
in their entireties. 

Various modifications to nucleic acid (e.g., enz5rmatic nucleic acid, antisense, decoy, 
aptamer, siKNA, triplex oligonucleotides, 2,5-A oligonucleotides and ottier nucleic acid 
molecules) structure can be made to enhance the utility of these molecules. For example, 
such modifications can enhance shelf life, half-life in vitro, stability, and ease of mtroduction 
of such oligonucleotides to the target site, including e.g., enhancing penetration of cellular 
membranes and conferring the ability to recognize and bind to targeted cells. 

Use of these molecules can lead to better treatment of flie disease progression by 
affording the possibility of combination therapies (e.g., multiple nucleic acid molecules 
targeted to different genes, nucleic acid molecules coupled with known small molecule 
inhibitors, or intermittent treatment with combinations of nucleic acid molecules (including 
different nucleic acid molecule motifs) and/or other chemical or biological molecules). The 
treatment of patients with nucleic acid molecules can also include combinations of different 
types of nucleic acid molecules. Therapies can be devised which mclude a mixture of 
enzymatic nucleic acid molecules (including different enzymatic nucleic acid molecule 
motifs), antisense, decoy, aptamer and/or 2-5A chimera molecules to one or more targets to 
alleviate symptoms of a disease. 

Administration of Nucleic Acid Molecules 

Methods for the delivery of nucleic acid molecules are described in Akhtar et al, 1992, 
Trends Ceil Bio., 2, 139; Delivery Strategies for Antisense Oligonucleotide Therapeutics, ed. 
Alditar, 1995, Maurer et al, 1999, Mol Membr. Biol, 16, 129-140; Hofland and Huang, 
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. 1999, Handb, Exp. PIiarmacoL, 137, 165-192; and Lee et al, 2000, ACS Symp, Sbk, 752, 
184-192, Sullivan et al, PCT WO 94/02595, fiirflier describes the general mefhods for 
delivery of enzymatic nucleic acid molecules. These protocols can be utilized for the 
delivery of virtually any nucleic acid molecule. Nucleic acid molecules can be administered 
to cells by a variety of methods known to those of skill in the art, including, but not restricted 
to, encapsulation in liposomes, by iontophoresis, or by incorporation into other vehicles, such 
as hydrogels, cyclodextrins, biodegradable nanocapsules, and bioadhesive microspheres, or 
by proteinaceous vectors (O'Hare and Normand, Latemational PCT Publication No. WO 
00/53722). Alternatively, flie nucleic acid/vehicle combination is locally delivered by direct 
injection or by use of an infusion pump. Direct injection of flie nucleic acid molecules of the 
invention, whether subcutaneous, intramuscular, or intradermal, can take place using standard 
needle and syringe methodologies, or by needle-firee technologies such as those described in 
Corny et al, 1999, Clin. Cancer Res., 5, 2330-2337 and Barry et al, International PCT 
Publication No. WO 99/31262. The molecules of the instant invention can be used as 
pharmaceutical agents. Pharmaceutical agents prevent^ modulate Ae occurrence, or treat 
(alleviate a symptom to some extent, preferably all of the symptoms) of a disease state in a 
pati^t 

Thus, the invention features a pharmaceutical composition comprising one or more 
nucleic acid(s) of the invention in an accq)table carrier, such as a stabilizer, buffer, and the 
like. The negatively charged polynucleotides of the invention can be administered (eg., 
RNA, DNA or protein) and introduced into a patient by any standard means, with or without 
stabilizers, buffers, and the like, to form a pharmaceutical composition. When it is desired to 
use a liposome delivery mechanism, standard protocols for formation of liposomes can be 
followed. The compositions of the present invention may also be formulated and used as 
tablets, capsules or elixirs for oral administration, suppositories for rectal administration, 
sterile solutions, suspensions for injectable administration, and the other compositions known 
in the art 

The present invention also includes pharmaceutically acceptable formulations of the 
compounds described. These formulations include salts of the above compounds, eg., acid 
addition salts, for example, salts of hydrochloric, hydrobromic, acetic acid, and benzene 
sulfonic acid. 

A pharmacological composition or formulation refers to a composition or formulation 
in a form suitable for administration, eg, systemic administratioa into a cell or patient, 
including for example a human. Suitable forms, in part, depend upon flie use or flie route of 
entry, for exanq)le oral, transdermal, or by injection. Such forms should not prevent the 
conq)Osition or formulation from reaching a target cell (r.e, a cell to which the negatively 
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charged nucleic acid is desirable for delivery). For example^ pharmacological compositions 
injected into the blood stream should be soluble. Other factors are known in the art, and 
include considerations such as toxicity and forms that prevent the composition or formulation 
from exerting its effect 

By "systemic administration" is meant in vivo systemic absorption or accumulation of 
drugs in the blood stream followed by distribution throughout the entire body. 
Administration routes which lead to systemic absorption include, without limitation: 
intravenous, subcutaneous, intraperitoneal, inhalation, oral, intrapulmonary and 
intramuscular. Each of these administration routes expose the desired negatively charged 
polymers, e,g,, nucleic acids, to an accessible diseased tissue. The rate of entry of a drug 
into the circulation has been shown to be a function of molecular weight or size. The use of a 
liposome or other drug carrier comprising the compounds of the instant invention can 
potentially localize the drug, for example, in certain tissue types, such as the tissues of the 
reticular endothelial system (RES). A liposome formulation that can facilitate &e association 
of drug with the surface of cells, such as, lymphoc}^ and macrophages is also useful. This 
approach may provide enhanced delivery of the drug to target cells by taking advantage of 
the specificity of macrophage and lymphocyte immune recognition of abnormal cells, such as 
cancer cells. 

By "pharmaceutically Acceptable formulation" is meant, a composition or formulation 
fliat allows for the effective distribution of the nucleic acid molecules of the instant invention 
id the physical location most suitable for their desired activity. Nonlimiting examples of 
agents suitable for formulation with the nucleic acid molecules of the instant invention 
include: P-glycoprotein inhibitors (such as Pluronic PBS), which can enhance entry of drugs 
into the CNS (Jolliet-Riant and Tillement, 1999, Fwidam. Clin, PJiarmacoL, 13, 16-26); 
biodegradable polymers, such as poly (DL-lactide-coglycolide) microspheres for sustained 
release delivery after intracerebral implantation (Emerich, DF et aly 1999, Cell Transplant, 8, 
47-58) (Alkermes, Inc. Cambridge, MA); and loaded nanoparticles, such as those made of 
polybutylcyanoacrylate, which can deliver drugs across the blood brain barrier and can alter 
neuronal uptake mechanisms (Prog Neuropsychopharmacol Biol Psychiatry ^ 23, 941-949, 
1999). Other non-limiting examples of delivery strategies for the nucleic acid molecules of 
the instant invention include material described m Boado et al, 1998, J. Phann. Sci., 87, 
1308-1315; Tyler et al, 1999, FEBSLett., 421, 280-284; Pardridge et al., 1995, PNAS USA., 
92, 5592-5596; Boado, 1995, Adv. Drug Delivery Rev., 15, 73-107; Aldrian-Herrada et al, 
1998, Nucleic Acids Res., 26, 4910-4916; and Tyler et al, 1999, PNAS USA., 96, 7053-7058. 

The invention also features the use of the composition comprising surface-modified 
liposomes containing poly (efliylene glycol) lipids (PEG-modified, or long-circulating 
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liposomes or stealth liposomes). These fonnulations offer a method for increasing the 
accumulation of drugs in target tissues. This class of drug carriers resists opsonization and 
elimination by the mononuclear phagocytic system (MPS or RES), thereby enabling longer 
blood circulation times and enhanced tissue exposure for the encapsulated drug (Lasic et al 
Chem. Rev, 1995, 95, 2601-2627; Ishiwata a/., Chem, Pharm, Bull 1995, 43, 1005-1011). 
Such liposomes have been shown to accumulate selectively in tumors, presumably by 
extravasation and capture in the neovascularized target tissues (Lasic et al, Science 1995, 
267, 1275-1276; Oku et a/., 1995, Biochim. Biophys. Acta, 1238, 86-90). The long-circulating 
liposomes enhance the phaimacokinetics and pharmacodynamics of DNA and SNA, 
particularly compared to conventional cationic liposomes which are known to accumulate in 
tissues of the MPS (Liu et al, 1 Biol Chem. 1995, 42, 24864-24870; Choi et al. 
International PCT Publication No. WO 96/10391; Ansell et al, Intemational PCT Publication 
No. WO 96/10390; Holland a/., Intemational PCT PubUcation No. WO 96/10392). Long- 
circulating liposomes are also likely to protect drugs from nuclease degradation to a greater 
extent compared to cationic liposomes, based on their ability to avoid accumvdation in 
metabolically aggressive MPS tissues such as the liver and spleen. 

The present invention also includes compositions prepared for storage or 
administration, which include a pharmaceutically effective amount of the desired conq)ounds 
in a pharmaceutically acceptable carrier or diluent. Acceptable carriers or diluents for 
tiierapeutic use are well known in the pharmaceutical art, and are described, for example, in 
Remington's Pharmaceutical Sciences, Mack Publishing Co. (A.R. Gennaro edit 1985) 
hereby incorporated by reference herein. For example, preservatives, stabilizers, dyes and 
flavoring agents may be provided. These include sodium benzoate, sorbic acid and esters of 
/7-hydroxybenzoic acid. In addition, antioxidants and suspending agents may be used. 

A pharmaceutically effective dose is that dose required to prevent, inhibit flie 
occurrence of, or treat (alleviate a symptom to some extent, preferably all of flie symptoms) a 
disease state. The pharmaceutically effective dose depends on the type of disease, the 
composition used, the route of administration, the type of maimnal being treated, the physical 
characteristics of the specific mammal under consideration, concurrent medication, and other 
factors that tiiose skilled m the medical arts will recognize. Generally, an amount between 
0.1 mg/kg and 100 mg/kg body weight/day of active ingredients is administered dependent 
upon potency of the negatively charged polymer. 

The present invention also includes compositions prepared for storage or administration 
that include a pharmaceuticaUy effective amount of the desired compounds in a 
pharmaceutically acceptable carrier or diluent. Accq}table carriers or diluents for therapeutic 
use are well known in tiie pharmaceutical art, and are described, for example, in Remington's 
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Pharmaceutical Sciences ^ Mack Publishing Co. (A JR. Gemaro edit. 1985), hereby 
incotporated by reference herem. For example, preservatives, stabilizers, dyes and flavoring 
agents can be provided. These include sodium benzoate^ sorbic acid and esters of 
hydioxybenzoic acid. In addition, antioxidants and suspending agents can be used. 

A pharmaceutically effective dose is that dose required to prevent, inhibit the 
occurrence, or treat (alleviate a symptom to some extent, preferably all of the symptoms) of a 
disease state. The pharmaceutically effective dose depends on Ihe type of disease, the 
composition used, the route of administration, the type of mammal being treated, the physical 
characteristics of the specific mammal under consideration, concurrent medication, and other 
factors that those skilled in the medical arts will recognize. Generally, an amount between 
0.1 mg/kg and 100 mg/kg body weight/day of active ingredients is administered dependent 
upon potency of the negatively charged polymer. 

The nucleic acid molecules of the invention and formulations thereof can be 
administered orally, topically, parenterally, by inhalation or spray, or rectally in dosage unit 
formulations containing conventional non-toxic pharmaceutically acceptable carriers, 
adjuvants and/or vehicles. The term parenteral as used herein includes percutaneous, 
subcutaneous, intravascular (e.g., intravenous), intramuscular, or intrathecal injection or 
infusion techniques and the like. In addition, there is provided a pharmaceutical formulation 
comprising a nucleic acid molecule of the invention and a pharmaceutically acceptable 
carrier. One or more nucleic acid molecules of the invention can be present in association 
with one or more non-toxic pharmaceutically acceptable carriers and/or diluents and/or 
adjuvants, and if desired other active ingredients. The pharmaceutical compositions 
containing nucleic acid molecules of the invention can be in a form suitable for oral use, for 
example, as tablets, troches, lozenges, aqueous or oily suspensions, dispersible powders or 
granules, emulsion, hard or soft capsules, or syrups or elixirs. 

Compositions intended for oral use can be prepared according to any method known to 
tiie art for the manufacture of pharmaceutical compositions and such compositions can 
contain one or more such sweetening agents, flavoring agents, coloring agents or preservative 
agents in order to provide pharmaceutically elegant and palatable preparations. Tablets 
contain the active ingredient in admixture with non-toxic pharmaceutically acceptable 
excipients that are suitable for tiie manufacture of tablets. These excipients can be, for 
example, inert diluents; such as calcium carbonate, sodium carbonate, lactose, calcium 
phosphate or sodium phosphate; granulating and disintegrating agents, for example, com 
starch, or alginic acid; binding agents, for exanq)le starch, gelatin or acacia; and lubricating 
agents, for example magnesium stearate, stearic acid or talc. Tlie tablets can be uncoated or 
they can be coated by known techniques. In some cases such coatings can be prepared by 
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known techniques to delay disintegration and absorption in the gastrointestinal tract and 
thereby provide a sustained action over a longer period. For example, a time delay material 
such as glyceryl monosterate or glyceryl distearate can be employed. 

Formulations for oral use can also be presented as hard gelatin capsules wherein the 
active ingredient is mixed with an inert solid diluent, for example, calcium carbonate, 
calcium phosphate or kaolin, or as soft gelatin capsules wherein the active ingredient is 
mixed with water or an oil medium, for example peanut oil, liquid parafBn or olive oil. 

Aqueous suspensions contain the active materials in admixture with excipients suitable 
for the manufacture of aqueous suspensions. Such excipients are suspending agents, for 
example sodium carboxymethylcellulose, mefliylcellulose, hydropropyl-methylcellulose, 
sodium alginate, polyvinylpyrrolidone, gum tragacanth and gum acacia; dispersing or wetting 
agents can be a naturally-occurring phosphatide, for example, lecithin, or condensation 
products of an alkylene oxide with fatty acids, for example polyoxyethylene stearate, or 
condensation products of ethylene oxide with long chain aliphatic alcohols, for example 
heptadecaethyleneoxycetanol, or condensation products of ethylene oxide with partial esters 
derived fix>m fatty acids and a hexitol such as polyoxyethylene sorbitol monooleate, or 
condensation products of ethylene oxide with partial esters derived £rom fatly acids and 
hexitol anhydrides, for example polyethylene sorbitan monooleate. The aqueous suspensions 
can also contain one or more preservatives, for example ethyl, or n-propyl p- 
hydroxybenzoate, one or more coloring agents, one or more flavoring agents, and one or 
more sweetening agents, such as sucrose or saccharin. 

Oily suspensions can be formulated by suspending the active ingredients in a vegetable 
oil, for example arachis oil, oliye oil, sesame oil or coconut oil, or in a mineral oil such as 
liquid paraffin. The oily suspensions can contain a thickening agent, for example beeswax, 
hard paraffin or cetyl alcohol. Sweetening agents and flavoring agents can be added to 
provide palatable oral preparations. Hiese compositions can be preserved by the addition of 
an anti-oxidant such as ascorbic acid. 

Dispersible powders and granules suitable for preparation of an aqueous suspension by 
the addition of water provide the active ingredient in admixture with a dispersing or wetting 
agent, suspending agent and one or more preservatives. Suitable dispersing or wetting agents 
or suspending agents are exemplified by those akeady mentioned above. Additional 
excipients, for exanq)le sweetening, flavoring and coloring agents, can also be present 

Pharmaceutical compositions of the invention can also be in flie form of oil-in-water 
emulsions. The oily phase can be a vegetable oil or a mineral oil or mixtures of these. 
Suitable emulsifying agents can be naturally-occurring gums, for example gum acacia or gum 
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tragacanth, iiaturally-occurring phosphatides, for example soy bean, lecithin, and esters or 
partial esters derived from fatly acids and hexitol, anhydrides, for exanaple sorbitan 
monooleate, and condensation products of flie said partial esters with ethylene oxide, for 
example polyoxyethylene sorbitan monooleate. The emulsions can also contain sweetening 
and flavoring agents. 

Syrups and elixirs can be formulated with sweetening agents, for example glycerol, 
propylene glycol, sorbitol, glucose or sucrose. Such formulations can also contain a 
demulcent, a preservative and flavoring and coloring agents. The pharmaceutical 
compositions can be in the form of a sterile injectable aqueous or oleaginous suspension. 
This suspension can be formulated according to the known art using those suitable dispersing 
or wetting agents and suspending agents that have been mentioned above. The sterile 
injectable preparation can also be a sterile injectable solution or suspension in a non-toxic 
parentally acceptable diluent or solvent, for example as a solution in 1,3-butanediol. Among 
the acceptable vehicles and solvents that can be employed are water, Ringefs solution and 
isotonic sodium chloride solution. In addition, sterile, fixed oils are conventionally employed 
as a solvent or suspending medium. For this purpose, any bland fixed oil can be employed 
including synthetic mono-or diglycerides. In addition, fatty acids such as oleic acid find use 
in the preparation of injectables. 

The nucleic acid molecules of the invention can also be administered in the form of 
suppositories, e.g,, for rectal administration of the drug. These compositions can be prepared 
by mixing the drug with a suitable non-irritating excipient that is solid at ordinary 
temperatures but liquid at the rectal tenq)erature and will therefore melt in the rectum to 
release the drug. Such materials include cocoa butter and polyethylene glycols. 

Nucleic acid molecules of the invention can be administered parenterally in a sterile 
medium. The drug, depending on the vehicle and concentration used, can either be 
suspended or dissolved in the vehicle. Advantageously, adjuvants such as local anesthetics, 
preservatives and buffering agents can be dissolved in the vehicle. 

Dosage levels of the order of firom about 0.1 mg to about 140 mg per kilogram of body 
weight per day are useful in the treatment of the above-indicated conditions (about 0.5 mg to 
about 7 g per patient per day). The amount of active ingredient that can be combined with 
the carrier materials to produce a single dosage form varies dq)6nding upon tiie host treated 
and the particular mode of administration. Dosage unit forms generally contain between 
from about 1 mg to about 500 mg of an active ingredient. 

It is understood that the specific dose level for any particular patient depends upon a 
variety of factors including the activity of the specific compound enqjloyed, the age, body 
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weight, general health, sex, diet, time of administration, route of administration, and rate of 
excretion, drug combination and the severity of the particular disease undergoing therapy. 

For administration to non-human animals, the composition can also be added to the 
animal feed or drinking water. It can be convenient to formulate the animal feed and drinking 
water compositions so that the animal takes in a therapeutically appropriate quantity of the 
composition along with its diet It can also be convenient to present the composition as a 
premix for addition to the feed or drinking water. 

The nucleic acid molecules of the present invention may also be administered to a 
patient in combination with other therapeutic compounds to increase the overall therapeutic 
effect The use of multiple compounds to treat an indication may increase the beneficial 
effects while reducing the presence of side effects. 

In one embodiment, the invention compositions suitable for administering nucleic acid 
molecules of the invention to specific cell types, such as hepatocytes. For example, the 
asialoglycoprotein receptor (ASGPr) (Wu and Wu, 1987, J. BioL Chem. 262, 4429-4432) is 
unique to hepatocytes and binds branched galactose-terminal glycoproteins, such as 
asialoorosomucoid (ASOR). Bindiag of such glycoproteins or synthetic glycoconjugates to 
flie receptor takes place with an affinity that strongly depends on the degree of branching of 
tiie oligosaccharide chain, for example, triatennary structures are bound with greater affinity 
ftan biatenarry or monoatennary chains (Baenziger and Fiete, 1980, Cell, 22, 611-620; 
Connolly et ai, 1982, /. BioL Chem,, 257, 939-945). Lee and Lee, 1987, Glycoconjugate J., 
4, 317-328, obtained this high specificity through the use of N-acetyl-D-galactosamine as the 
carbohydrate moiety, which has higher affinity for the receptor, compared to galactose. This 
"clustering effect" has also been described for the binding and uptake of mannosyl- 
terminating glycoprotems or glycoconjugates (Ponpipom et ai, 1981, /. Med. Chem., 24, 
1388-1395). The use of galactose and galactosamine based conjugates to transport exogenous 
compounds across cell membranes can provide a targeted delivery approach to the treatment 
of liver disease such as HBV infection or hepatocellular carcinoma. The use of bioconjugates 
can also provide a reduction in the required dose of therapeutic compounds required for 
treatment Furthermore, therapeutic bioavialability, pharmacodynamics, and pharmacokinetic 
parameters can be modulated through the use of nucleic acid bioconjugates of the invention. 

Alternatively, certain of the nucleic acid molecules of the instant invention can be 
expressed within cells &om eukaiyotic promoters (e,g., Izant and Weintraub, 1985, Science, 
229, 345; McGarry and Lindquist, 1986, Proc. Natl. Acad, Sci, USA 83, 399; Scanlon et al, 
1991, Proc. Natl Acad. Set USA, 88, 10591-5; Kashani-Sabet et al, 1992, Antiseiise Res. 
Dev., 2, 3-15; DropuUc et al„ 1992, J. Virol., 66, 1432-41; Weerasinghe et al, 1991, J, 
Virol, 65, 5531-4; Ojwang et al, 1992, Proc. Natl Acad, ScL USA, 89, 10802-6; Chen et 
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aL, 1992, Nucleic Acids Res,, 20, 4581-9; Sarver et al, 1990 Science, 247, 1222-1225; 
Thompson et al, 1995, Nucleic Acids Res,, 23, 2259; Good et al, 1997, Gene Therapy, 4, 45; 
all of these references are hereby incozporated in their totalities by reference herein). Those 
skilled m the art realize that any nucleic acid can be expressed in eukaryotic cells firoxn the 
appropriate DNA/RNA vector. The activity of such nucleic acids can be augmented by their 
release from the primary transcript by a ribozyme (Draper et al, PCX WO 93/23569, and 
Sullivan et al., PCT WO 94/02595; Ohkawa et al, 1992, Nucleic Acids Symp, Ser., 27, 15-6; 
Taira et al, 1991, Nucleic Acids Res., 19, 5125-30; Ventura et al, 1993, Nucleic Acids Res., 
21, 3249-55; Chowrira et al, 1994, J, Biol Chein., 269, 25856; all of tibiese references are 
hereby incorporated in their totality by reference herein). 

In another aspect of the invention, RNA molecules of the present invention are 
preferably expressed from transcription units (see, for example. Couture et al, 1996, TIG,, 
12, 510) inserted into DNA or RNA vectors. The recombinant vectors are preferably DNA 
plasmids or viral vectors. Ribozyme expressing viral vectors could be constmcted based on, 
but not limited to, adeno-associated virus, retrovirus, adenovirus, or alphavirus. Preferably, 
the recombinant vectors capable of expressing the nucleic acid molecules are delivered as 
described above, and persist in target cells. Alternatively, viral vectors may be used that 
provide for transient expression.of nucleic acid molecules. Such vectors might be repeatedly 
administered as necessary. Once expressed, the nucleic acid molecule binds to the target 
mRNA. Delivery of nucleic acid molecule e?q>ressing vectors could be systemic, such as by 
intravenous or intra-muscular admuiistration, by administration to target cells ex-planted 
from the patient followed by reintroduction into the patient, or by any other means that would 
allow for introduction into the desired target cell (for a review see Couture et al, 1996, TIG., 
12, 510). 

In one aq)ect, the invention features an e>q)ression vector comprising a nucleic acid 
sequence encoding at least one of the nucleic acid molecules of the instant invention is 
disclosed. The nucleic acid sequence encoding the nucleic acid molecule of the instant 
invention is operable linked in a manner which allows expression of that nucleic acid 
molecule. 

In another aspect the invention features an expression vector comprising: a) a 
transcription initiation region {eg,, eukaryotic pol I, II or ni initiation region); b) a 
transcription termination region {e.g., eukaryotic pol I, n or HI termination region); c) a 
nucleic acid sequence encoding at least one of the nucleic acid catalyst of the instant 
invention; and wherem said sequence is operably linked to said initiation region and said 
termination region, in a manner which allows expression and/or delivery of said nucleic acid 
molecule. The vector may optionally include an open reading frame (ORF) for a protein 
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operably linked on the S* side or fhe 3 -side of the sequence encoding the nucleic acid catalyst 
of the invention; and/or an intron (intervening sequences). 

Transcription of the nucleic acid molecule sequences are driven from a promoter for 
eukaiyotic RNA polymerase I (pol I), RNA polymerase n (pol H), or RNA polymerase HI 
(pol m). Transcripts from pol n or pol III promoters will be expressed at high levels in all 
cells; the levels of a given pol n promoter in a given cell type will depend on the nature of 
fhe gene regulatory sequences (enhancers, silencers, etc.) present nearby. Prokaryotic RNA 
polymerase promoters are also used, providing fliat the prokaryotic RNA polymerase enzyme 
is expressed in the appropriate cells (Ehroy-Stein and Moss, 1990, Proc. Natl Acad. Sci. US 
A, 87, 6743-7; Gao and Huang 1993, Nucleic Acids Res., 21, 2867-72; Lieber et al., 1993, 
Methods EnzymoL, 217, 47-66; Zhou et al., 1990, MoL Cell. Biol, 10, 4529-37). All of 
these references are incorporated by reference herein. Several investigators have 
demonstrated that nucleic acid molecules, such as ribozymes expressed from such promoters 
can function in mammalian cells (e.g. Kashani-Sabet et al., 1992, Antisense Res, Dev., 2, 3- 
15; Ojwang et al, 1992, Proc, Natl Acad Sci USA, 89, 10802-6; Chen et al, 1992, Nucleic 
Acids Res., 20, 4581-9; Yu et al., 1993, Proc, Natl Acad. Sci USA, 90, 6340-4; L'Huillier 
etaL, \992,EMBOX, 11,4411-8; Lisziewicz e/ a/., 1993,Proc. Natl Acad. Sci U S A, 90, 
8000-4; Thompson et al, 1995, Nucleic Acids Res., 23, 2259; SuUenger & Cech, 1993, 
Sciefice, 262, 1566). More specifically, transcription units such as ttie ones derived from 
genes encoding U6 small nuclear (snRNA), transfer RNA (tRNA) and adenovirus VA RNA 
are useful in generating hi^ concentrations of desired RNA molecules such as ribo^rmes in 
cells (Thompson et al, supra; Couture and Stinchcomb, 1996, supra; Noonberg et al, 1994, 
Nucleic Acid Res., 22, 2830; Noonberg et al, US Patent No. 5,624,803; Good et al, 1997, 
Gene Titer., 4, 45; Beigelman et al, International PCT Publication No. WO 96/18736; all of 
these publications are incorporated by reference herein). The above ribozyme transcription 
units can be incorporated into a variety of vectors for introduction into TnaTnmaliaTi cells, 
including but not restricted to, plasmid DNA vectors, viral DNA vectors (such as adenovirus 
or adeno-associated virus vectors), or viral RNA vectors (such as retroviral or alphavirus 
vectors) (for a review see Couture and Stinchcomb, 1996, supra). 

In yet another aspect, the invention features an egression vector comprising nucleic 
acid sequence encoding at least one of the nucleic acid molecules of the invention, in a 
maimer that allows expression of that nucleic acid molecule. The e?q)ression vector coiiq)rises 
in one embodiment; a) a transcription initiation region; b) a transcription termination region; 
c) a nucleic acid sequence encodiag at least one said nucleic acid molecule; and wherein said 
sequence is operably linked to said initiation region and said termination region, in a manner 
which allows e?q>ression and/or delivery of said nucleic acid molecule. In another 
embodiment the expression vector comprises: a) a transcription initiation region; b) a 
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transcription tennination region; c) an open reading frame; d) a nucleic acid sequence 
encoding at least one said nucleic acid molecule, wherein said sequence is operably linked to 
Ifae 3 -end of said open reading frame; and wherein said sequence is operably linked to said 
initiation regioii, said open reading frame and said termination region, in a manner which 
allows expression and/or delivery of said nucleic acid molecule. In yet another embodiment, 
the expression vector comprises: a) a transcription initiation region; b) a transcription 
termination region; c) an intron; d) a nucleic acid sequence encoding at least one said nucleic 
acid molecule; and wherein said sequence is operably linked to said initiation region, said 
intron and said tertnination region, in a manner which allows expression and/or delivery of 
said nucleic acid molecule. In another embodiment, the e?q)ression vector comprises: a) a 
transcription initiation region; b) a transcription termination region; c) an intron; d) an open 
reading frame; e) a nucleic acid sequence encoding at least one said nucleic acid molecule, 
wherein said sequence is operably linked to the 3'-end of said open reading frame; and 
wherein said sequence is operably linked to said initiation region, said intron, said open 
reading frame and said termination region, in a manner which allows expression and/or 
delivery of said nucleic acid molecule. 

Interferons 

Type I interferons (IFN) are a class of natural cytokines that includes a &mily of greater 
than 25 IFN-a (Pesta, 1986, Methods EitzymoL 119, 3-14) as well as IFN-p, and IFN-q>. 
Although evolutionarily derived from the same gene (Diaz et al, 1994, Genomics 22, 540- 
552), there are many differences in the primary sequence of these molecules, implying an 
evolutionary divergence in biologic activity. All type I IFN share a common pattern of 
biologic effects fliat begin with binding of the IFN to the cell surface receptor (Pfeffer & 
Strulovici, 1992, Transmembrane secondary messengers for IFN-o/p. In: Interferon. 
Principles and Medical Applications., S. Baron, D.H. Coopenhaver, F. Dianza3tii, W.R. 
Fleischmann Jr., T.K. Hugjies Jr., G.R. Kimpel, D.W. Niesel, GJ: Stanton, and S.K. Tyring, 
eds. 151-160). Binding is followed by activation of . tyrosine kinases, including the Janus 
tyrosine kinases and the STAT proteins, which leads to the production of several IFN- 
stimulated gene products (Johnson et aL, 1994, Sci Am. 270, 68-75). The IFN-stimulated 
gene products are responsible for the pleotropic biologic effects of type I IFN, including 
antiviral, antiproliferative, and immunomodulatory effects, cytokine induction, and HLA 
class I and class n regulation (Pestka et aL, 1987, Annu. Rev, Biochem 56, 727). Examples of 
IFN-stimulated gene products include 2-5-oligoadenylate synthetase (2-5 OAS), 

microglobulin, neopterin, p68 kinases, and the Mx protein (Chebath & Revel, 1992, The 2-5 
A system: 2-5 A synthetase, isospecies and functions. In: Interferon. Principles and Medical 
Applications. S. Baron, D.H, Coopenhaver, F. Dianzani, W.R. Jr. Fleischmann, T.K. Jr 
Hughes, G.R. Kimpel, D.W. Niesel, GJ. Stanton, and S.K. Tyring, eds., pp. 225-236; 
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Samuel, 1992, The RNA-dependent Pl/eIF-2a protein kinase. In: Interferon, Principles and 
Medical Applications. S. Baron, DJH. Coopenhaver, F. Dianzani, W.R. Fleischmann Jr., T.K. 
Hughes Jr., G.R. Kimpel, D.W. Niesel, G.R Stanton, and S.K. Tyring, eds. 237-250; 
Horisberger, 1992, MX protein: function and Mechanism of Action. In: Interferon, 
Principles and Medical Applications, S. Baron, D.H. Coopenhaver, F. Dianzani, W.R. 
Fleischmann Jr., T.K. Hughes Jr., G.R. Kimpel, D.W. Niesel, G.H. Stanton, and S.K. Tyring, 
eds. 215-224). Although all type I IFN have similar biologic effects, not all the activities are 
shared by each type I IFN, and, in many cases, the extent of activity varies quite substantially 
for each IFN subtype (Fish et al, 1989, J. Interferon Res. 9, 97-114; Ozes et a/., 1992, J. 
Interferon Res, 12, 55-59). More specifically, investigations into the properties of different 
subtypes of IFN-a and molecular hybrids of IFN-a have shown differences in pharmacologic 
properties (Rubinstein, 1987, J. Interferon Res. 7, 545-551). These pharmacologic 
differences can arise from as few as three amino acid residue changes (Lee et aL, 1982, 
Cancer Res. 42, 13 12-1 316). 

Eighty-five to 166 amino acids are conserved in the known IFN-a subtypes. 
Excluding the IFN-a pseudogenes, there are approximately 25 known distinct IFN-a 
subtypes. Pairwise comparisons of these nonallelic subtypes show primary sequence 
differences ranging from 2% to 23%. In addition to the naturally occurring IFNs, a non- 
natural recombinant type I interferon known as consensus interferon (CIFN) has been 
synthesized as a therapeutic compound (Tong et al., 1997, Hepatology 26, 747-754). 

Interferon is currently in use for at least 12 different indications including infectious 
and autoimmune diseases and cancer (Borden, 1992, N. Engl, J. Med, 326, 1491-1492). For 
autoimmune diseases IFN has been utilized for treatment of rheumatoid arOiritis, multQ)le 
sclerosis, and Crohn's disease. For treatment of cancer IFN has been used alone or in 
combination with a number of different compounds. Specific types of cancers for which IFN 
has been used include squamous cell carcinomas, melanomas, hypernephromas, 
hemangiomas, haiiy cell leukemia, and Kaposi's sarcoma. In the treatment of infectious 
diseases, IFNs increase the phagocytic activity of macrophages and cytotoxicity of 
lymphocytes and inhibits the propagation of cellular pathogens. Specific indications for 
which IFN has been used as treatment include: hepatitis B, human papillomavirus types 6 and 
11 (i.e. genital warts) (Leventhal et aL, 1991, N Engl J Med 325, 613-617), chronic 
granulomatous disease, and hepatitis C virus. 

Numerous well controlled clinical trials using IFN-alpha in the treatment of chronic 
HCV infection have demonstrated that treatment three times a week results in lowering of 
seram ALT values in approximately 50% (range 40% to 70%) of patients by the end of 6 
months of therapy (Davis et al, 1989, The new England Journal of Medicine 321, 1501- 
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1506; Marcellin et al., 1991, H^atology 13, 393-397; Tong et al, 1997, Hepatology 26, 747- 
754; Tong et al., Hepatology 26, 1640-1645). However, following cessation of interferon 
treatment, approximately 50% of the responding patients relapsed, resulting in a "durable" 
response rate as assessed by normalization of serum ALT concentrations of approximately 20 
to 25%. In addition, studies that have examined six months of type 1 interferon therapy using 
changes in HCV RNA values as a clinical endpoint have demonstrated that up to 35% of 
patients will have a loss of HCV RNA by the end of therapy (Tong et al, 1997, supra). 
However, as with the ALT endpoint, about 50% of the patients relapse six months following 
cessation of therapy resulting in a durable virologic response of only 12% (23). Studies that 
have examined 48 weeks of therapy have demonstrated that the sustained virological 
response is up to 25%. 

Pegylated interferons, ie. interferons conjugated with polyefliylene glycol (PEG), have 
demonstrated improved characteristics over interferon. Advantages incurred by PEG 
conjugation can include an improved pharmacokinetic profile conqiared to interf^ns 
lacking PEG, thus irnparting more convenient dosing regimes, improved tolerance, and 
improved antiviral efficacy. Such improvements have been demonstrated in clinical studies of 
both polyethylene glycol interferon alfa-2a (PEGASYS, Roche) and polyethylene glycol 
interferon alfe-2b (VIRAFERON PEG, PEG-INTRON, Enzon/Schering Plough). 

Enzymatic nucleic acid molecules in combination with interferons and polyethylene 
glycol interferons have the potential to improve the effectiveness of treatment of HCV or any 
of the other indications discussed above. Enzymatic nucleic acid molecules targeting RNAs 
associated with diseases such as infectious diseases, autoimmune diseases, and cancer, can be 
used individually or in combination with other therapies such as interferons and polyethylene 
glycol mterferons and to achieve enhanced efficacy. 

Examples : 

The following are non-limiting examples showing the selection, isolation, synthesis and 
activity of nucleic acids of the instant invention. These examples demonstrate the selection 
and design of Antisense, Hammerhead, DNAzyme, NCH, Amberzyme, Zinzyme or G- 
Cleaver ribozyme molecules and binding/cleavage sites within HBV and HCV RNA. The 
following examples also demonstrate the selection and design of nucleic acid decoy 
molecules that target HBV reverse transcriptase. The foUovmg examples also demonstrate 
the use of enzymatic nucleic acid molecules that cleave HCV RNA. The methods described 
herein represent a scheme by which nucleic acid molecules can be derived that cleave other 
RNA targets required for HCV replication. 

Example 1: Identification of Potential Target Sites in Human HBV KNA 
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The sequence of human HBV was screened for accessible sites using a computer- 
folding algorithm. Regions of the RNA that did not form secondary folding structures and 
contained potential ribozyme and/or antisense binding/cleavage sites were identified. The 
sequences of these cleavage sites are shown in Tables IV - XI. 

Example 2: Selection of Enzymatic Nucleic Acid Cleavage Sites in Human HBV RNA 

Ribozyme target sites were chosen by analyzing sequences of Human HBV (accession 
number: AF 1003 08.1) and prioritizing the sites on the basis of folding. Ribozymes were 
designed that could bind each target and were individually analyzed by computer folding 
(Christoffersen et aL, 1994 J. Mol Struc, Theochem, 311, 273; Jaeger et al, 1989, Proc. Natl 
Acad. ScL USA, 86, 7706) to assess whether the ribozyme sequences fold into the 
appropriate secondary stmcture. Those ribozymes with unfavorable intramolecular 
interactions between the binding arms and the catalytic core were eliminated from 
consideration. As noted herein, varying binding arm lengths can be chosen to optimize 
activity. Generally, at least 5 bases on each arm are able to bind to, or otherwise interact 
with, the target RNA. 

Bcample 3: Chemical Synthesis and Purification of Ribozymes and Antisense for Efficient 
geavaee and/or blocking of HBV RNA 

Ribozymes and antisense constructs were designed to anneal to various sites in the 
RNA message. The binding arms of ftxe ribozymes are complementary to the target site 
sequences described above, while the antisense constructs are fully complementary to the 
target site sequences described above. The ribozymes and antisense constructs were 
chemically synthesized. The method of synthesis used followed the procedure for normal 
RNA synthesis as described above and in Usman et aL, (1987 J, Am. Chem. Soc, 109, 7845), 
Scaringe et al., (1990 Nucleic Acids Res., 18, 5433) and Wincott et al, supra, and made use 
of common nucleic acid protecting and coupling groups, such as dimethoxytrityl at the 5*- 
end, and phosphoramidites at the 3 -end. The average stepwise coupling yields were typically 
>98%. 

Ribozymes and antisense constmcts were also synthesized from DNA templates using 
bacteriophage T7 RNA polymerase (Milligan and Uhlenbeck, 1989, Methods EnzynioL 180, 
51). Ribozymes and antisense constructs were purified by gel electrophoresis using general 
methods or were purified by high pressure liquid chromatography (HPLC; see Wincott et al., 
supra; the totality of which is hereby incorporated herein by reference) and were resuspended 
in water. The sequences of the chemically synthesized ribozymes used in this study are 
shown below in Table XI. 
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Example 4: Ribozvme Cleavage of HBV KNA Target in vitro 

Ribo2ynies targeted to the human HBV RNA are designed and synthesized as described 
above. These ribozymes can be tested for cleavage activity in vitro, for example using tbe 
following procedure. The target sequences and the nucleotide location within the HBV RNA 
are given in Tables IV-XI. 

Cleavage Reactions: Full-length or partially fulHength, internally-labeled target RNA 
for ribozyme cleavage assay is prepared by in vitro transcription in the presence of [a-^^p] 

CTP, passed over a G 50 Sephadex® column by spin chromatography and used as substrate 
RNA without further purification. Alternately, substrates are S'-^^p^g^d labeled using T4 
polynucleotide kinase enzyme. Assays are performed by pte-warming a 2X concentration of 
purified ribozyme in ribozyme cleavage buffer (50 mM Tris-HCl, pH 7.5 at 37**C, 10 mM 
MgCh) and the cleavage reaction was initiated by adding tiie 2X ribozyme mk to an equal 
volume of substrate RNA (maximum of 1-5 nM) that was also pre-warmed in cleavage 
buffer. As an initial screen, assays are carried out for 1 hour at 37°C using a final 
concentration of either 40 nM or 1 mM ribozyme, Le., ribozyme excess. The reaction is 
quenched by the addition of an equal volume of 95% formamide, 20 mM EDTA, 0.05% 
bromophenol blue, a^d 0.05% xylene cyanol after which fihe saniple is heated to 95^C for 2 
minutes, quick chilled and loaded oiito a denaturing polyaciylamide gel. Substrate RNA and 
flie specific RNA cleavage products generated by ribozyme cleavage are visualized on ain 
autoradiograph of the gel. The percentage of cleavage is determined by Phosphor Imager® 
quantitation of bands representing the intact substrate and the cleavage products. 

. Bcample 5: Transfection of HepG2 Cells with nsHBV-l and Ribozvmes 

The human hepatocellular carcinoma cell line Hep G2 was grown in Dulbecco*s 
modified Eagle media supplemented with 10% fetal calf serum, 2 mM glutamine, 0.1 mM 
nonessential aniino acids, 1 mM sodium pyruvate, 25 mM Hepes, 100 units penicillin, and 
100 M^g/ml streptomycin. To generate a replication competent cDNA, prior to transfection the 
HBV genomic sequences are excised from the bacterial plasmid sequence contained in the 
psHBV-1 vector (Those skilled in the art understand that other methods may be used to 
generate a replication competent cDNA). This was done with an EcoRI and Hind HI 
restriction digest Following completion of the digest, a ligation was performed under dilute 
conditions (20 fig/ml) to favor intermolecular ligation. The total ligation mixture was flien 
concentrated using Qiagen spin columns. 

Secreted alkaline phosphatase (SEAP) was used to normalize the HBsAg levels to 
control for transfection variability. The pSEAP2-TK control vector was constructed by 
ligating a Bgl II-Hind III fragment of ttie pRL-TK vector (Promega), containing the herpes 
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simplex virus thymidine kinase promoter region, into Bgl WHind m digested pSEAP2-Basic 
(Clontech). Hep G2 cells were plated (3 x 10^ cells/well) in 96-well microtiter plates and 
incubated overnight. A lipid/DNA/ribozyme complex was formed containing (at final 
concentrations) cationic lipid (15 fig/ml), prepared psHBV-1 (4.5 jig/ml), pSEAP2-TK (0.5 
fag/ml), and ribo2yme (100 |xM). Following a 15 min. incubation at 37° C, the complexes 
were added to the plated Hep G2 cells. Media was removed from the cells 96 hr. post- 
transfection for HBsAg and SEAP analysis. 

Transfection of the human hepatocellular carcinoma cell line, Hep G2, wifli replication 
competent HBV DNA results in the expression of HBV proteins and the production of 
virions. To investigate the potential use of ribozymes for the treatment of chronic HBV 
infection, a series of ribozymes that target the 3' terminus of the HBV genome have been 
synthesized. Ribozymes targeting this region have the potential to cleave all four major HBV 
RNA transcripts as well as flie potential to block the production of HBV DNA by cleavage of 
the pregenomic RNA. To test the efficacy of these HBV riboqmes, thqr were co-transfected 
wifli HBV genomic DNA into Hep G2 cells, and the subsequent levels of secreted HBV 
surface aiitigen (HBsAg) were analyzed by ELISA. To control for variability in transfection 
efficiency, a control vector which expresses secreted alkaline phosphatase (SEAP), was also 
co-transfected. The efBcacy of flie HBV ribozymes was determined by comparing the ratio 
of HBsAgrSEAP and/or HBeAgiSEAP to fliat of a scrambled attenuated control (SAC) 
ribozyme. Twenty-five ribozymes (RPI18341, RPn8356, RPI18363, RPI183d4, RPn8365, 
RPI18366, RPn8367, RM18368, RPn8369, RPn8370, RPn8371, RPI18372, RPn8373, 
RPI18374, RPI18303, RPI18405, RPI18406, RPI18407, RPI18408, RPI18409, RPI18410, 
RPI18411, RPI18418, RPI18419, and RPI18422) have been identified which cause a 
reduction in the levels of HBsAg and/or HBeAg as compared to the corresponding SAC 
ribozyme. In addition, loop variant anti-HBV ribozymes targeting site 273 were tested using 
this system, the results of this study are summarized in Figure 10. As indicated in the figure, 
the ribozymes tested demonstrate significant reduction in HepG2 HBsAg levels as compared 
to a scrambled attenuated core ribozyme control, with RPI 22650 and RPI 22649 showing tiie 
greatest decrease in HBsAg levels. 

Example 6: Analvsis of HBsAg and SEAP Levels Following Ribozvme Treatment 

Immulon 4 (Dynax) microtiter wells were coated overnight at 4** C with anti-HBsAg 
Mab (Biostride B88-95-31ad,ay) at 1 fig/ml in Carbonate Buffer (Na2C03 15 mM, NaHC03 
35 mM, pH 9.5). The wells were then washed 4x with PBST (PBS, 0.05% Tween® 20) and 
blocked for 1 hr at 37° C with PBST, 1% BSA. Following washing as above, the wells were 
dried at 37° C for 30 min. Biotinylated goat ant-HBsAg (Accurate YVS1807) was diluted 
1:1000 in PBST and mcubated in the wells for 1 hr. at 37° C. The wells were washed 4x with 
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PBST. Streptavidin/Alkaline Phosphatase Conjugate (Pierce 21324) was diluted to 250 
ng/ml in PBST, and incubated in the wells for 1 hr. at 37** C. After washing as above, p- 
nitrophenyl phosphate substrate (Pierce 37620) was added to the wells, which were then 
incubated for 1 hr. at 3T C. The optical density at 405 rnn was then determined. SEAP 
levels were assayed using the Great EscAPe® Detection Kit (Clontech K2041-1), as per the 
manufacturers instructions. 

Example 7: X-gene Reporter Assav 

The effect of ribo2yme treatment on the level of transactivation of a SV40 promoter 
driven firefly luciferase gene by the HBV X-protein was analyzed in transfected Hep G2 
cells. As a control for variability in transfection efficiency, a Renilla luciferase reporter 
driven by the TK promoter, which is not transactivated by the X protein, was used. Hep G2 
cells were plated (3x10"^ cells/well) in 96-well microtiter plates and incubated overnight A 
lipid/DNA/ribozyme complex was formed containing (at final concentrations) cationic lipid 
(2.4 fig/ml), flie X-gene vector pSBDR(2.5 |ig/ml), the firefly reporter pSV40HCVluc (0.5 
Jig/ml), flie Renilla luciferase control vector pRL-TK (0.5 >g/ml), and ribozyme (100 pM). 
Following a 15 min. incubation at 37° C, flie complexes were added to flie plated Hep G2 
cells. Levels of fkefly and Renilla luciferase were analyzed 48 hr. post transfection, using 
Promega's Dual-Luciferase Assay System. 

The HBV X protein is a transactivator of a number of viral and cellular genes. 
Ribozymes which target the X region were tested for Iheir ability to cause a reduction in X 
protein transactivation of a firefly luciferase gene driven by the S V40 promoter in tiansfected 
Hep G2 cells. As a control for transfection variability, a vector containing the Renilla 
luciferase gene driven by the TK promoter, which is not activated by the X protein, was 
included in the co-transfections. The efficacy of the HBV ribozymes was determined by 
comparing the ratio of firefly luciferase: Renilla luciferase to that of a scrambled attenuated 
control (SAC) ribozyme. Eleven ribozymes (RPI18365, RPI18367, RPI18368, RPI18371, 
RPI18372, RPI18373, RPI18405, RPI18406, RPI18411, RPI18418, RPI18423) were 
identified which cause a reduction in the level of transactivation of a rq)orter gene by flie X 
protein, as compared to the corresponding SAC ribozyme. 

Example 8: HBV transgenic mouse studv A 

A transgenic mouse strain (founder strain 1.3.32 with a C57B1/6 background) that 
expresses HBV RNA and forms HBV viremia (Morrey et al, 1999, Antiviral Res., 42, 97- 
108; Guidotti et al, 1995, J. Virology, 69, 10, 6158-6169) was utilized to study the in vivo 
activity of ribo2ymes (RPL18341, RPL18371, RPL18372, and RPI.18418) of fee instant 
invention. This model is predictive in screening for anti-HBV agents. Ribozyme or the 
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equivalent volume of saline was administered via a continuous s.c. infusion using Alzet® 
mini-osmotic pumps foi 14 days. Alzet® pumps were filled with test material(s) in a sterile 
fashion according to the manufacturer's instructions. Prior to in vivo implantation, pun^s 
were incubated at 37*^C overnight (> 18 hours) to prime the flow modulators. On the day of 
surgery, animals were lightly anesthetized with a ketamine/xylazine cocktail (94 mg/kg and 6 
mg/kg, respectively; 0.3 ml, IP). Baseline blood samples (200 fil) were obtained from each 
animal via a retro-orbital bleed. For animals in groups 1-5 (Table XIT), a 2 cm area near the 
base of the tail was shaved and cleansed with betadine surgical scrub and sequentially with 
70% alcohol. A 1 cm incision in the skin was made with a #15 scalpel blade or a blunt pan: 
of scissors near the base of the tail. Forceps were used to open a pocket rostrally (ie. , towards 
the head) by spreading apart the subcutaneous connective tissue. The pump was inserted 
with the delivery portal pointing away from the incision. Wounds were closed with sterile 9- 
mm stainless steel clips or with sterile 4-0 suture. Animals were then allowed to recover 
from anesthesia on a warm heating pad before being returned to their cage. Wounds were 
checked daily. Clips or sutures were r^laced as needed. Incisions typically healed 
completely within 7 days post-op. Animals were then deeply anesflietized wifli the 
ketamine/xylazine cocktail (150 mg/kg and 10 mg/kg, respectively; 0.5 ml, IP) on day 14 
post pimip implantation. A midline thoracotomy/ laparatomy was performed to expose the 
abdominal cavity and the thoracic cavity. The left ventricle was cannulated at the base and 
animals exsanguinated using a 23G needle and 1 ml syringe. Serum was separated, frozen 
and analyzed for HBV DNA and antigen levels. Experimental groups were compared to the 
saline control group in respect to percent change from day 0 to day 14. HBV DNA was 
assayed by quantitative PGR. 

Results 

Table XH is a summary of the group designation and dosage levels used in this HBV 
transgenic mouse study. Baseline blood samples were obtained via a retroorbital bleed and 
animals (N=10/group) received anti-HBV ribozymes (100 mg/kg/day) as a continuous SC 
infusion. After 14 days, animals treated with a ribozyme targeting site 273 (RPI. 18341) of 
the HBV RNA showed a significant reduction in serum HBV DNA concentration, compared 
to the saline treated animals as measured by a quantitative PGR assay. More specifically, the 
saline treated animals had a 69% increase in serum HBV DNA concentrations over this 2- 
week period while treatment with the 273 ribozyme (RPI.18341) resulted in a 60% decrease 
in serum HBV DNA concentrations. Ribozymes directed against sites 1833 (RPI.18371), 
1873 (RPL18418), and 1874 (RPI.18372) decreased semm HBV DNA concentrations by 
49%, 15% and 16%, respectively. 

Example 9: HBV transgenic mouse study B 
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A transgenic mouse strain (founder strain 1.3.32 with a C57B1/6 background) that 
expresses HBV RNA and forms HBV viremia (Money et al, 1999, Antiviral Res,, 42, 97- 
108; Guidotti et aL, 1995, /. Virology, 69, 10, 6158-6169) was utilized to study flie in vivo 
activity of ribo2ymes (RPL18341 and RPL18371) of the instant invention. This model is 
predictive in screening for anti-HBV agents. Ribozyme or the equivalent volume of saline 
was administered via a continuous s.c. infusion using Alzet® mini-osmotic pumps for 14 
days, Alzet® pumps were filled with test material(s) in a sterile fashion accx)rding to the 
manufacturer's instructions. Prior to in vivo implantation, pumps were incubated at 37^C 
overnight ^18 hours) to prime the flow modulators. On the day of surgery, animals were 
lightly anesthetized with a ketamine/xylazine cocktail (94 mg/kg and 6 mg/kg, respectively; 
0.3 ml, IP). Baseline blood samples (200 nl) were obtained from each animal via a retro- 
orbital bleed. For animals in groups 1-10 (Table Xm), a 2 cm area near the base of the tail 
was shaved and cleansed with betadine surgical scrub and sequentially with 70% alcohol. A 
1 cm incision in the skin was made with a #15 scalpel blade or a blunt pak of scissors near 
the base of the tail. Forceps were used to open a pocket rostrally (/e., towards the head) by 
Sfpreadingjapart the subcutaneous connective tissue. The pump was inserted with the delivery 
portal pointing away from the incision. Wounds were closed with sterile 9-mm stainless steel 
clips or with sterile 4-0 suture. Animals were then allowed to recover from anesthesia on a 
warm heating pad before being returned to their cage. Wounds were checked daily. Clips or 
sutures were replaced as needed. Incisions typically healed completely within 7 days post-op. 
Animals were then deeply anesthetized with the ketamine/xylazine cocktail (150 mg/kg and 
10 mg/kg, respectively; 0.5 ml, IP) on day 14 post pump implantation. A midline 
dioracotomy/ laparatomy was performed to expose the abdominal cavity and the thoracic 
cavity. The left ventricle was cannulated at the base and animals exsanguinated using a 23G 
needle and 1 ml syringe. Senmi was separated, frozen and analyzed for HBV DNA and 
antigen levels. Experimental groups were compared to the saline control group in respect to 
percent change from day 0 to day 14. HBV DNA was assayed by quantitative PCR. 
Additionally, mice treated with 3TC® by oral gavage at a dose of 300 mg/kg/day for 14 days 
(group 1 1, Table XSH) were used as a positive control. 
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Results 

Table XHI is a summary of the group designation and dosage levels used in this HBV 
transgenic mouse study. Baseline blood samples were obtained via a retroorbital bleed and 
animals (N=15/group) received anti-HBV ribozymes (100 mg/kg/day, 30 mg/kg/day, 10 
mg/kg/day) as a continuous SC infusion. The results of this study are summarized in Figures 
6, 7, and 8. As Figures 6, 7, and 8 demonstrate, Ribo2ymes directed against sites 273 
(RPL18341) and 1833 (RPI.18371) demonstrate reduction in the serum HBV DNA levels 
following 14 days of ribozyme treatment in HBV transgenic mice, as compared to scrambled 
attenuated core (SAC) ribozyme and saline controls. Furthermore, these ribozymes provide 
similar, and in some cases, greater reduction of serum HBV DNA levels, as compared to the 
3TC® positive control, at lower doses than the 3TC® positive control. 

Example 10: HBV DNA reduction in HepG2.2.1S cells 

Ribozyme treatment of HepG2.2. 15 cells was performed in a 96-well plate format, with 
12 wells for each different ribozyme tested (RPL18341, RPL18371, RPL18372, RPL18418, 
RPL20599SAC). HBV DNA levels in the media collected between 120 and 144 hours 
following transfection was determined using the Roche Amplicor HBV Assay. Treatment 
with RPI. 18341 targeting site 273 resulted in a significant (P<0.05) decrease in HBV DNA 
levels of 62% compared to the SAC (RPL20599). Treatment wifli RPI. 18371 (site 1833) or 
RPL18372 (site 1874) resulted in reductions in HBV DNA levels of 55% and 58% 
respectively, as compared to treatment with the SAC RPL20599 (see Figure 9). 

Example 11: RPI 18341 combination treatment wifli La mivudine/TTiferprfttitg) 

The therapeutic use of nucleic acid molecules of the invention either alone or in 
combination with current therapies, for example lamivudine or type 1 IFN, can lead to 
unproved HBV treatment modalities. To assess the potential of combination therapy, HepG2 
cells transfected with a replication competent HBV cDNA, were treated with RPI 
18341(HepBzyme™), Infergen® (Amgen, Thousand Oaks Ca), and/or Lamivudine (Epivir®: 
GlaxoSnnuthKlme, Research Triangle Park NC) either alone or in combination. Results 
indicated that combination treatment with either RPI 18341 plus Infergen® or combination of 
RPI 18341 plus lamivudine results in additive down regulation of HBsAg expression 
(P<0.001). These studies can be applied to the treatment of lamivudine resistant cells to 
further assses the potential for combination therapy of RPI 18341 plus currently available 
therapies for the treatment of chronic Hepatitis B. 

Hep G2 cells were plated (2 x 104 cells/well) in 96-well microtiter plates and incubated 
ovemigjit A cationic Iqpid/DNA/ribozyme complex was formed containing (at final 
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concentrations) lipid (11-15 ^lg/mL), re-ligated psHBV-1 (4.5 jig/mL) and ribozyme (100- 
200 nM) in growth media. Following a 15 min incubation at 37°C, 20 jiL of the complex was 
added to the plated Hep G2 cells in 80 (iL of growth media minus antibiotics. For 
combination treatment with interferon, interferon (Infergen®, Amgen, Thousand Oaks CA) 
was added at 24 hr post-transfection and then incubated for an additional 96 hr. In the case of 
co-treatment with Lamivudine (3TC®), the ribozyme-containing cell culture media was 
removed at 120 hr post-transfection, fresh media containing Lamivudine (Epivir®: 
GlaxoSmithKline, Research Triangle Park NC) was added, and then incubated for an 
additional 48 hours. Treatment with Lamivudine or interferon individually was done on Hep 
G2 cells transfected with the pSHBV-1 vector alone and then treated identically to the co- 
treated cells. All transfections were performed in triplicate. Analysis of HBsAg levels was 
performed using the Diasorin HBsAg ELIS A kit 

Results 

At eitiier 500 or 1000 units of Infergen®, the addition of 200 nM of RPI.18341 results 
in a 75-77% increase in anti-HB V activity as judged by flie level of HBsAg secreted from the 
treated Hep G2 cells. Conversely, flie anti-HBV activity of RPI.18341(at 200 nM) is 
increased 31-3$% when used in combination of 500 or 1000 units of Infergen® (Figure 11). 

At 25 nM Lamivudine (3TC®), the addition of 100 nM of RPL 18341 results in a 48% 
increase m anti-HBV activity as judged by the level of HBsAg secreted from treated Hep G2 
cells. Conversely, the anti-HBV activity of RPL18341 (at 100 nM) is increased 31% when 
used in combination with 25 nM Lamivudine (Figure 12). 

Example 13: Modulation of HBV reverse transcriptase 

The HBV reverse transcriptase (pol) binds to the 5' st^-loop structure in the HBV 
pregenomic RNA and synthesizes a four-nucleotide primer from the template UUCA. The 
reverse transcriptase then translocates to the 3' end of the pregenomic RNA where the primer 
binds to the UUCA sequence within the DRl element and begins first-strand synthesis of 
HBV DNA. A number of short oligos, ranging in size from 4 to 16-mers, were designed to 
act as competitive inhibitors of the HBV reverse transcriptase primer, either by blocking the 
primer binding sites on the HBV RNA or by acting as a decoy. 

The oligonucleotides and controls were synthesized in all 2 -0-methyl and 2'-0-aUyl 
versions (Table XV). The inverse sequence of all oligos were generated to serve as controls. 
Primary screening of the competitive inhibitors was completed in the HBsAg 
transfection/ELISA system, in which the oligo is co-transfeceted wifli a HBV cDNA vector 
into Hep G2 cells. Following 4 days of incubation, the levels of HBsAg secreted into the cell 



99 



wo 02/081494 



CA 02442092 2003-09-25 



PCT/US02/09187 



cultuie media were determined by ELISA. Screening of flie 2'-0-allyl versions revealed that 
two of the decoy oligos (RPI.24944 and RPI.24945), consistmg of 3x or 4x repeats of the RT 
primer binding site UUCA, along with the matched inverse controls, displayed consid^ble 
activity by decreasing HBsAg levels (Figure IS). This dramatic decrease in HBsAg levels is 
not due to cellular toxicity, because a MTS assay showed no difference in proliferation 
between any of the treated ceils. A follow up experiment with a 5x UUCA repeat, the inverse 
sequence control, and a matched scrambled control, showed that all three oligos decreased 
HBsAg levels without cellular toxicity. Screening of the 2 -0-methyl versions of the oligos 
showed no activity from the 3x and 4x UUCA repeat (Figure 16), also suggesting that the 
anti-HBV effect is perhaps related to the 2'-0-allyl chemistry ralher flian to sequence 
specificity. 

Screwing of the 2 -0-methyl oligos did show that the 2'-0-methyl 2x UUCA repeat, 
RPL24986, displayed activity in decreasing HBsAg levels as compared to the mverse control, 
KPI.249S0. A dose response experiment showed that at the lower concentrations of 100 and 
200 nM, RPI.24986 showed greater activity in decreasing HbsAg levels as compared to the 
inverse control RPL24950 (Figure 17). 

Example 14: Modulation of HBV transcription via Oligonucleotides targeting flie Enchancer 
I core region of HBV DNA 

In an efifort to block HBV replication, oligonucleotides were designed to bind to two 
liver-specific factor binding sites in the Enhancer I core region of HBV genomic DNA. 
HepatDcyte Nuclear Factor 3 (HNF3) and Hepatocyte Nuclear Factor 4 (HNF4) bind to sites 
in the core region, with the HNF3 site being 5' to the HNF4 site. The HNF3 and HNF4 sites 
overlap or are adjacent to binding sites for a number of more ubiquitous factors, and are 
termed nuclear receptor response elements (NRRE). These elements are critical in regulating 
HBV transcription and replication in infected hepatocytes, with mutations in flie HNF3 and 
HNF4 binding sites having been demonstrated to greatly reduce the levels of HBV repUcation 
(Bock et al, 2000, Virology, 74, 2193) 

Oligonucleotides (Table XV) were designed to bind to either the positive or negative 
strands of the HNF3 or HNF4 binding sites. Scrambled controls were made to match each 
oligo. Each oligo was synthesized in all 2 -0-methyl/all phosphorothioate, or all 2'-0- 
allyl/all phosphorothioate chemistries. The initial screening of the oligos was done m the 
HBsAg transfection/EUSA system in Hep G2 cells. RPL25654, which targets the negative 
strand of the HNF4 bindmg site, shows greater activity in reducing HBsAg levels as 
compared to RPI.25655, which targets the HNF4 site positive strand, and the scrambled 
control RPL25656. This result was observed at bofli 200 and 400 nM (Figures 18 and 19). 
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In a foUow-up study, RPL2S6S4 leduced HBsAg levels in a dose-dependent manner, firom 
50-200 nM (Figure 20). 

Example 15: Transfection of HepG2 Cells with PsHBV-l and Nucleic acid 

The human hepatocellular carcinoma cell line Hep G2 was grown in Dulbecco*s 
modified Eagle media supplemented with 10% fetal calf serum, 2 mM glutamine, 0.1 mM 
nonessential amino acids, 1 mM sodium pyravate, 25 mM Hepes, 100 units penicillin, and 
100 fxg/ml streptomycin. To generate a replication competent cDNA, prior to transfection the 
HBV genomic sequences are excised from the bacterial plasmid sequence contained in the 
psHBV-1 vector This was done with an EcoRI and Hind m restriction digest. Following 
completion of the digest, a ligation was performed under dilute conditions (20 ^g/ml) to favor 
intermolecular ligation. The total ligation mixture was then concentrated using Qiagen spin 
columns. One skilled in the art would realize fliat other methods can be used to generate a 
replication competent cDNA 

Secreted alkaline phosphatase (SEAP) was used to normalize the HBsAg levels to 
control for transfection variability. The pSEAP2-TK control vector was constructed by 
ligating a Bgl H-Hind TR fragment of the pRL-TK vector (Promega), containing die herpes 
simplex virus thymidine kinase promoter region, into Bgl U/Hind JE digested pSEAP2-Basic 
(Clontech). Hep G2 cells were plated (3x10"^ cells/well) in 96-well microtiter plates and 
incubated overnight A lipid/DNA/nucleic acid complex was formed containing (at final 
concentrations) cationic lipid (15 |ig/ml), prepared psHBV-l (4.5 |ig/ml), pSEAP2-TK (0.5 
fxg/ml), and nucleic acid (100 jiM). Following a 15 min. incubation at 37° C, flie complexes 
were added to the plated Hep G2 cells. Media was removed from die cells 96 hr. post- 
transfection for HBsAg and SEAP analysis. 

Triuisfection of the human hepatocellular carcinoma cell line, Hep G2, with replication 
competent HBV DNA results in the expression of HBV proteins and the production of 
virions. 

Example 16: Analysis of HBsAg and SEAP Levels Following Nucleic Acid Treatment 

Immulon 4 (Dynax) microtiter wells were coated overnight at 4° C with anti-HBsAg 
Mab (Biostride B88-95-31ad,ay) at 1 |ig/ml in Carbonate Buffer (Na2C03 15 mM, NaHC03 
35 mM, pH 9.5). The wells were then washed 4x with PBST (PBS, 0.05% Tween® 20) and 
blocked for 1 br at 37** C with PBST, 1% BSA. Following washing as above, the wells were 
dried at 37*^ 0 for 30 min.* Biotinylated goat anti-HBsAg (Accurate YVS1807) was diluted 
1:1000 in PBST and incubated in the wells for 1 hr. at 3T C. The wells were washed 4x with 
PBST. Streptavidin/Alkaline Phosphatase Conjugate (Pierce 21324) was diluted to 250 
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ng/ml in PBST, and incubated in the weDs for 1 hr. at ZT C, After washing as above, p- 
nitrophenyl phosphate substrate (Pierce 37620) was added to the wells, which were then 
incubated for 1 hr. at 37° C. The optical density at 405 nm was then determined. SEAP 
levels were assayed using the Great EscAPe® Detection Kit (Clontech K2041-1), as per the 
manufacturers instructions. 

Example 17: Analvsis of HBV DNA expression a HepG2.2.1S murine model 

The development of new antiviral agents for the treatment of chronic Hepatitis B has 
been aided by the use of animal models that are permissive to replication of related 
Hepadnaviridae such as Woodchuck Hepatitis Virus (WHV) and Duck Hepatitis Virus 
(DHV). In addition, the use of transgenic mice has also been employed. The human 
hepatoblastoma cell line, HepG2.2.15, implanted as a subcutaneous (SC) tumor, can be used 
to produce Hepatitis B viremia in mice. This model is useful for evaluating new HBV 
therapies. Mice bearing HepG2.2,15 SC tumors show HBV viremia. HBV DNA can be 
detected in serum beginning on Day 35. Maximum serum viral levels reach 1.9x10^ 
copies/mL by day 49. A study also detemined that the minimum tumor volume associated 
with viremia was 300 nmi^. Therefore, the HepG2.2.1S cell line grown as a SC tumor 
produces a useful model of HBV viremia in mice. This new model can be suitable for 
evaluating new therapeutic regimens for chronic Hepatitis B. 

HepG2.2.15 tumor cells contain a slightly truncated version of viral HBV DNA and 
sheds HBV particles. The purpose of this study was to identify what tune period viral 
particles are shed from the tumor. Soimi was analyzed for presence of HBV DNA over a 
time course after HepG2.2.15 tumor inoculation in Athymic Ncr nu/nu mice. HepG2.2.15 
cells were carried and expanded in DMEM/10% FBS/2.4% HEPES/1% NEAA/1% 
Glutamin6/1% Sodium Pyruvate media. Cells were resuspended in Delbecco's PBS with 
calcium/magnesium for injection. One hundred microliters of the tumor cell suspension (at a 
concentration of 1x108 cells/mL) were injected subcutaneously in flie flank of NCR nu/nu 
female mice with a 23gl needle and 1 cc syringe, thereby giving each mouse 1x10^ cells. 
Tumors were allowed to grow for a period of up to 49 days post tumor cell inoculation. 
Serum was sampled for analysis on days 1, 7, 14, 35, 42 and 49 post tumor inoculation. 
Length and width measurements from each tumor were obtained three times per week using a 
Jamison microcaliper. Tvunor volumes were calculated from tumor length/width 
measurements (tumor volume = 0.5[a(b)2] where a = longest axis of the tumor and b = 
shortest axis of the tumor). Serum was analyzed for flie presence of HBV DNA by the Roche 
Amplicor HBV moniter TM DNA assay. 

Experiment 1 
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HepG2.2.15 cells were carried and expanded in DMEM/10% 
FBS/2.4%HEPES/1%NEAA/1% GIutamme/1% Sodium Pyruvate media. Cells were 
resuspended in Delbecco's PBS with calcium/magnesium for injection. One hundred 
microliters of the tumor cell suspension (at a concentration of 1x108 cells/mL) were injected 
subcutaneously in the flank of NCR nu/nu female mice with a 23gl needle and 1 cc syringe, 
thereby giving each mouse 1x1 0^ cells. Tumors were allowed to grow for a period of up to 
49 days post tumor cell inoculation. Serum was sampled for analysis on days 1, 7, 14, 35, 42 
and 49 post tumor inoculation. Length and width measurements from each tumor were 
obtained three times per week using a Jamison microcaliper. Tumor volumes were calculated 
fiom' tumor length/width measurements (tumor volume = O.S[a(b)^] where a = longest axis of 
the tumor and b = shortest axis of the tumor). Semm was analyzed for the presence of HBV 
DNA by the Roche Amplicor HBV moniter TM DNA assay. 

Results 

When athymic nu/nu female mice are subcutaneously injected with HepG2.2.15 cells 
and form tumors, HBV DNA is detected in serum (peak serum level was 1.9x10^ 
copies/mL). There is a positive correlation (rs - 0.7, p < 0.01) between tumor weight 
(milligrams) and HB viral copies/mL serum. Figure 21 shows a plot of HepG2.2.1S tumors 
in nu/nu female mice as tumor volume vs time. Table XVI shows the concentration of HBV 
DNA in relation to tumor size in the HepG2.2.1S implanted nu/nu female mice used in the 
study. 

Experiment 2 

HepG2.2.15 cells were carried and expanded in DMEM/10% 
FBSy2.4%HEPES/l%NEAA/l% Glutamine/1% Sodium Pyruvate media contammg 400 
\xg/ml G418 antibiotic. G418-resistant cells were resuspended in Dulbecco's PBS with 
calcium/magnesium for injection. One hundred microliters of the tumor cell suspension (at a 
concentration of 1x108 cells/mL) were injected subcutaneously in the flank of NCR nu/nu 
female mice with a 23gl needle and 1 cc syringe, thereby giving each mouse 1x10^ cells. 
Tumors were allowed to grow for a period of up to 49 days post tumor cell inoculation. 
Serum was sampled for analysis on day 37 post tumor inoculation. Length and width 
measurements from each tumor were obtained three times per week using a Jamison 
microcaliper. Tumor volumes were calculated from tumor length/width measurements 
(tumor volume = 0.5[a(b)2] where a = longest axis of the tumor and b = shortest axis of the 
tumor). Serum was analyzed for the presence of HBV DNA by the Roche Amplicor HBV 
moniter TM DNA assay. 

Results 
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When athymic nu/nu female mice are subcutaneously injected wifh G418 antibiotic 
resistant HepG2.2.15 cells and form tumors, HBV DNA is detected in senmi (peak serum 
level was 4.0x1 0^ copies/mL). There is a positive correlation (is - 0.7, p < 0.01) between 
tumor weight (milligrams) and HB viral copies/mL serum. Figure 22 shows a plot of 
HepG2.2.15 tumors in nu/nu female mice as tumor volume vs time. Table XVIIshows the 
concentration of HBV DNA in relation to tumor size in the 041 8 antibiotic resistant 
HepG2.2.15 implanted nu/nu female mice used in the study. 

Example 18: Identification of Potential Enzvmatic nucleic acid molecules Cleavage Sites in 
HCVRNA 

The sequence of HCV RNA was screened for accessible sites using a computer folding 
algorithm. Regions of tiie mRNA that did not form secondary folding structures and 
contained potential enzymatic nucleic acid cleavage sites were identified. The sequences of 
these cleavage sites are shown in Tables XVni, XIX, XX and XXm. 

Example 19: Selection of Enzvmatic nucleic acid molecules Cleavage Sites in HCV RNA 

Enzymatic nucleic acid target sites were chosen by analyzing sequences of Human 
HCV (Genbank accession Nos: D11168 , D50483.1, L38318 and S82227) and prioritizing flie 
sites on the basis of folding. Enzymatic nucleic acid molecules are designed that could bind 
each target and are individually analyzed by computer folding (Christoflfersen et aL, 1994 J. 
Mol Struc, JJieochem, 311, 273; Jaeger et aL, 1989, Proc. Natl Acad ScL USA, 86, 7706) to 
assess whether the enzymatic nucleic acid molecules sequences fold into the appropriate 
secondary structure. Those enzymatic nucleic acid molecules with unfavorable 
intramolecular interactions between the binding arms and the catalytic core can be eliminated 
from consideration. As noted below, varying binding arm lengths can be chosen to optimize 
activity. Generally, at least 4 bases on each arm are able to bind to, or o&erwise interact 
with, the target RNA. 

Example 20: Chemical Synthesis and Purification of Enzvmatic nucleic acids 

Enzymatic nucleic acid molecules can be designed to aimeal to various sites in the 
RNA message. The binding aims of the enzymatic nucleic acid molecules are 
complementary to the target site sequences described above. The enzymatic nucleic acid 
molecules can be chemically synthesized using, for example, RNA syntheses such as those 
described above and those described in Usman et al., (1987 J. Am. Chem. Soc, 109, 7845), 
Scaringe et al., (1990 Nucleic Acids Res., 18, 5433) and Wincott et al., supra. Such methods 
make use of common nucleic acid protecting and coupling groups, such as dimethoxytrityl at 
the S'-end, and phosphoramidites at the 3 -end. The average stepwise coupling yields are 
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typically >98%. Enzymatic nucleic acid molecules can be modified to enhance stability by 
modification with nuclease resistant groups, for example, 2'-amino, 2'-C"allyl, 2 -flouro, 2-0- 
methyl, 2'-H (for a review see Usman and Cedergren, 1992 UBS 17, 34). 

Enzymatic nucleic acid molecules can also be synthesized from DNA templates using 
bacteriophage T7 RNA polymerase (Milligan and Uhlenbeck, 1989, Methods Enzymol. 180, 
51). Enzymatic nucleic acid molecules can be purified by gel electrophoresis using known 
methods, or can be purified by high pressure liquid chronaatography (HPLC; See Wincott et 
al, supra; the totality of which is hereby incorporated herein by reference), and are 
resuspended in water. The sequences of chemically synthesized enzymatic nucleic acid 
constructs are shown below in Tables XX, XXI and XXHI. The antisense nucleic acid 
molecules shown in Table XXn were chemically synthesized. 

Inactive enzymatic nucleic acid molecules, for example inactive hammerhead 
enzymatic nucleic acids, can be synthesized by substituting the order of G5A6 and 
substituting a U for AM (numbering from Hertel et al., 1992 Nucleic Acids Res., 20, 3252). 

Example 21 : Rizvmatic Nucleic Acid Cleavage of HCV RNA Target in vitro 

Enzymatic nucleic acid molecules targeted to the HCV are designed and synthesized as 
described above. These enzymatic nucleic acid molecules can be tested for cleavage activity 
in vitro, for example using the following procedure. The target sequences and the nucleotide 
location within the HCV are given in Tables XVm, XEX, XX and XXm. 

Cleavage Reactions: Full-length or partially full-length, internally-labeled target RNA 
for enzymatic nucleic acid molecule cleavage assay is prepared by in vitro transcription in the 
presence of [a-32p] CTP, passed over a G 50 Sephadex column by spin chromatography and 

used as substrate RNA without fijrther purification. Alternately, substrates are 5 -32p-end 
labeled using T4 polynucleotide kinase enzyme. Assays are performed by pre-warming a 2X 
concentration of purified enzymatic nucleic acid molecule in enzymatic nucleic acid 
molecule cleavage buffer (50 mM Tris-HCl, pH 7.5 at 37^C, 10 mM MgCl2) and the 
cleavage reaction was initiated by adding the 2X enzymatic nucleic acid molecule mix to an 
equal volume of substrate RNA (maximum of 1-5 nM) that was also pre-warmed m cleavage 
buffer. As an initial screen, assays are carried out for 1 hour at 37**C using a final 
concentration of either 40 nM or 1 mM enzymatic nucleic acid molecule, ie., enzymatic 
nucleic acid molecule excess. The reaction is quenched by the addition of an equal volume 
of 95% formamide, 20 mM EDTA, 0.05% bromophenol blue and 0.05% xylene cyanol after 
which the sample is heated to 95°C for 2 minutes, quick chilled and loaded onto a denaturing 
polyacrylamide gel. Substrate RNA and ttie specific RNA cleavage products generated by 
enzymatic nucleic acid molecule cleava^ are visualized on an autoradiograph of the geL The 
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percentage of cleavage is determined by Phosphor Imager® quantitation of bands 
representing the intact substrate and the cleavage products. 

Alternatively, enzymatic nucleic acid molecules and substrates were synthesized in 96- 
well format using 0.2^mol scale. Substrates were 5'-^^P labeled and gel purified using 7.5% 
polyacrylamide gels, and eluting into water. Assays were done by combining tmce substrate 
with SOOnM en^matic nucleic acid or greater, and initiated by adding final concentrations of 
40mM Mg'*'^ and 50mM Tris-Cl pH 8.0. For each enzymatic nucleic acid/substrate 
combination a control reaction was done to ensure cleavage was not the result of non-specific 
substrate degradation. A single three hour time point was taken and run on a 15% 
polyacrylamide gel to asses cleavage activity. Gels were dried and scanned using a 
Molecular Dynamics Phosphorimager and quantified using Molecular Dynamics ImageQuant 
software. Percent cleaved was determined by dividing values for cleaved substrate bands by 
fiill-lengfh (uncleaved) values plus cleaved values and multiplying by 100 
(%cleaved=[C/(U+C)]*100). In vitro cleavage data of enzymatic nucleic acid molecules 
targeting plus and minus sttand HCV RNA is shown in Table XXm. 

Example 22: Inhibition of Luciferase Activitv Using HCV Tareetmg Enzvmatic nucleic acids 
in OST7 Cells 

The capability of enzymatic nucleic acids to inhibit HCV RNA intracellularly was 
tested using a dual reporter system that utilizes both firefly and Renilla luciferase (Figure 
23). The enzymatic nucleic acids targeted to the 5* HCV UTR region, which when cleaved, 
would prevent the translation of the transcript into luciferase. 

Svnthesis of Stabilized Enzvmatic nucleic acids 

Enzymatic nucleic acids were designed to target 15 sites within the 5 'UTR of the HCV 
RNA (Figure 24) and synthesized as previously described, except that all enzymatic nucleic 
acids contain two 2 '-amiuo uridines. Enzymatic nucleic acid and paired control sequences for 
targeted sites used in various examples herein are shown in Table XXI. 

Reporter plasmids 

The T7/HCV/firefly luciferase plasmid (HCVT7C1.341, genotype la) was graciously 
provided by Aleem Siddiqui (University of Colorado Health Sciences Center, Denver, CO). 
The T7/HCV/firefly luciferase plasmid contains a T7 bacteriophage promoter upstream of the 
HCV 5'UTR (nucleotides l-341)/fiu:efly luciferase fusion DNA. The Renilla hiciferase 
control plasmid (pRLS V40) was purchased fi:om PROMEGA. 

Luciferase assav 
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Dual lucifiarase assays were carried out according to the manufacturer's instructions 
(PROMEGA) at 4 hours after co-transfection of reporter plasmids and enzymatic nucleic 
acids. All data is shown as the average ratio of HCV/feefly luciferase luminescence over 
Renilla luciferase luminescence as determined by triplicate samples + SD. 

Cell culture and transfections 

0ST7 cells were maintained in Dulbecco's modified Eagle's medium (GIBCO BRL) 
supplemented with 10% fetal calf serum, L-glutamine (2 mM) and penicillin/streptomycin. 
For transfections, 0ST7 cells were seeded in black-walled 96-well plates (Packard) at a 
density of 12,500 cells/well and incubated at ST'^Cunder 5% CO2 for 24 hours. Co- 
transfection of target reporter HCVT7C (0.8 jig/mL), control reporter pRLSV40, (1.2 jig/mL) 
and enzymatic nucleic acid, (SO - 200 nM) was achieved by the following method: a 5X 
mixture of HCVT7C (4 jig/mL), pRLSV40 (6 iig/mL) en^atic nucleic add (250 - 1000 
nM) and cationic lipid (28.5 |iig/mL) was made in 150 of OPTI-MEM (GIBCO BRL) 
minus serum. Reporter/enzymatic nucleic acid/lipid complexes were allowed to form for 20 
min at 37^Cunder 5% CO2. Medium was aspirated from 0ST7 cells and replaced with 120 
of OPn-MEM (GIBCO BRL) minus serum, immediately followed by flie addition of 30 
^iL of 5X reporter/enzymatic nucleic acid/lipid complexes. Cells were incubated with 
complexes for 4 hours at 37**Cunder 5% CO2 . 

IC5Q determinations for dose response curves 

Apparent IC50 values were calculated by linear interpolation. The apparent IC50 is 1/2 
the maximal response between the two consecutive points in which approximately 50% 
inhibition of HCV/luciferase expression is observed on the dose curve. 

Ouantitation of RNA Samples 

Total RNA from transfected cells was purified using the Qiagen RNeasy 96 procedure 
includmg a DNase I treatment according to the manufacturer's instructions. Real time RT- 
PCR (Taqman assay) was performed on purified RNA samples using separate primer/probe 
sets specific for either firefly or Renilla luciferase RNA. Firefly luciferase primers and probe 
were upper (5'-CGGTCGGTAAAGTTGTTCCATT-3') (SEQ ID NO. 16202), lower (5*- 
CCTCTGACACATAATTCGCCTCT-3') (SEQ ID NO. 16203), and probe (5'-FAM- 
TGAAGCGAAGGtTGTGGATCTGGATACC-TAMRA-3') (SEQ ID NO 16204), and 
Renilla luciferase primers and probe were upper (5'-GTTTATTGAATCGGACCCAGGAT- 
3') (SEQ ID NO. 16205), lower (5»-AGGTGCATCTTCTTGCGAAAA-3') (SEQ ID NO. 
16206), and probe (5*-FAM-CTTTTCCAATGCTATTGTTGAAGGTGCCAA-3*) (SEQ ID 
NO. 16207) -TAMRA, both sets of primers and probes were purchased from hitegrated DNA 
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Technologies. RNA levels w^e determined from a standard curve of amplified RNA purified 
from a large-scale transfection. RT minus controls established that RNA signals were 
generated from RNA and not residual plasmid DNA. RT-PCR conditions were: 30 min at 
48*^0, 10 min at 95°C, followed by 40 cycles of 15 sec at 95X and 1 min at 60^C. Reactions 
were performed on an ABI Prism 7700 sequence detector. Levels of firefly luciferase KNA 
were normalized to the level of Renilla luciferase RNA present in the same sample. Results 
are shown as the average of triplicate treatments ± SD. 

Example 23: Inhibition of HCV 5*UTR.-luciferase expression bv synthetic stabilized 
enzymatic nucleic acids 

The primary sequence of the HCV 5'UTR and characteristic secondary structure 
(Figure 24) is highly conserved across all HCV genotypes, thus making it a very attractive 
target for enzymatic nucleic acid-mediated cleavage. Enzymatic hammerhead nucleic acids, 
as a generally shown in Figure 25 and Table XXI (RPI 12249-12254, 12257-12265) were 
designed and synfliesized to target 15 of the most highly conserved sites in the 5'UTR of 
HCV RNA. These synthetic enzymatic nucleic acids were stabilized against nuclease 
degradation by the addition of modifications such as 2*-0-methyl nucleotides, 2'-amino- 
uridines at U4 and U7 core positions, phosphorothioate linkages, and a 3 '-inverted abasic 
cap. 

In order to mimic cytoplasmic transcription of the HCV genome, 0ST7 cells were 
transfected witihi a target reporter plasmid containing a T7 bacteriophage promoter upstream 
of a HCV 5'UTR/firefly luciferase fusion gene. Cytoplasmic e;q)ression of the target reporter 
is facilitated by high levels of T7 polymerase expressed in the cytoplasm of 0ST7 cells. Co- 
transfection of target reporter HCVT7C1.341 (firefly luciferase), control reporter pRLSV40 
(Renilla luciferase) and enzymatic nucleic acid was carried out in the presence of cationic 
lipid. To determine the background level of luciferase activity, applicant used a control 
enzymatic nucleic acid that targets an irrelevant, non-HCV sequence. Transfection of reporter 
plasmids in the presence of this irrelevant control enzymatic nucleic acid (ICR) resulted in a 
slight decrease of reporter egression when compared to transfection of reporter plasmids 
alone. Therefore, flie ICR was used to control for non-specific effects on reporter expression 
during treatment with HCV specific enzymatic nucleic acids. Renilla luciferase e:q)ression 
from the pRLSV40 reporter was used to normalize for transfection efficiency and sample 
recovery. 

Of the 15 amino-modified hammerhead enzymatic nucleic acids tested, 12 significantly 
inhibited HCV/luciferase expression (> 45%, P < 0.05) as compared to the ICR (Figure 
26A). These data suggest that most of the HCV 5'UTR sites targeted here are accessftle to 
enzymatic nucleic acid binding and subsequent RNA cleavage. To investigate further the 
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enzymatia nucleic acid-dependent inhibition of HCVAuciferase activity, hammerhead 
enzymatic nucleic acids designed to cleave after sites 79, 81, 142, 192, 195, 282 or 330 of the 
HCV 5'UTR were selected for continued study because their anti-HCV activity was the most 
efficacious over several experiments. A corresponding attenuated core (AC) control was 
synthesized for. each of the 7 active enzymatic nucleic acids (Table XX). Each paired AC 
control contains similar nucleotide composition to that of its corresponding active enzymatic 
nucleic acid however, due to scrambled binding arms and changes to the catalytic core, lacks 
the ability to bind or^catalyze flie cleavage of HCV RNA. Treatment of 0ST7 cells with 
enzymatic nucleic acids designed to cleave after sites 79, 81, 142, 195 or 330 resulted in 
significant mhibition of HCV/luciferase expression (65%, 50%, 50%, 80% and 80%, 
respectively) when compared to HCV/luciferase expression in cells treated with 
corresponding AGs, P < 0.05 (Figure 26B). It should be noted that treatment with either the 
ICR or ACs for sites 79, 81, 142 or 192 caused a greater reduction of HCV/luciferase 
expression than treatment with ACs for sites 195, 282 or 330. The observed differences in 
HCV/hiciferase. expression after treatment wifli ACs most likely represents the range of 
activity due to non-specific effects of oligonucleotide treatment and/or differences in base 
composition. Regardless of differences in HCV/luciferase expression levels observed as a 
result of treatment with ACs, active enzymatic nucleic acids designed to cleave after sites 79, 
81, 142, 195, or 330 demonstrated sunilar and potent anti-HCV activity (Figure 26B). 

Example 24: Svnthetic stabilized enzv matic nucleic acids mhibit HCV/luciferase expression 
in a concentration-dependent manner 

In order to characterize enzymatic nucleic acid efficacy in greater detail, these same 5 
lead hammerhead enzymatic nucleic acids were tested for their ability to inhibit 
HCV/luciferase expression over a range of enzymatic nucleic acid concentrations (0 nM - 
100 nM). For constant transfection conditions, the total concentration of nucleic acid was 
maintained at 100 nM for all samples by mking the active enzymatic nucleic acid with its 
corresponding AC. Moreover, mixing of active enzymatic nucleic acid and AC maintains the 
lipid to nucleic acid charge ratio. A concentration-dependent inhibition of HCV/luciferase 
expression was observed after treatment with each of the 5 enzymatic nucleic acids (Figures 
27A-E). By linear interpolation, the enzymatic nucleic acid concentration resulting in 50% 
inhibition (apparent IC50) of HCV/luciferase expression ranged fix)m 40-215 nM. The two 
most efficacious enzymatic nucleic acids were those designed to cleave after sites 195 or 330 
with apparent IC50 values of 46 nM and 40 nM, respectively (Figures 27D and E). 

Example 25: An enzvmatic nucleic acid mechanism is required for the observed inhibition of 
HCV/luciferase expression 
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To confinn that an enzymatic nucleic acid mechanism of action was responsible for the 
observed inhibition of HCV/luciferase expression, paired binding-arm attenuated core (BAC) 
controls (RPI 15291 and 15294) were synthesized for direct comparison to enzymatic nucleic 
acids targeting sites 195 (RPI 12252) and 330 (RPI 12254). Paired BACs can specifically 
bind HCV RNA but are unable to promote RNA cleavage because of changes in the catalytic 
core and, thus, can be used to assess inhibition due to binding alone. Also included in this 
comparison were paired SAC controls (RPI 15292 and 15295) that contain scrambled binding 
arms and attenuated catalytic cores, and so lack the ability to bind the target RNA or to 
catalyze target RNA cleavage. 

Enzymatic nucleic acid cleavage of target RNA should result in both a lower level of 
HCV/luciferase RNA and a subsequent decrease in HCV/luciferase expression. In order to 
analyze target RNA levels, a reverse transcriptase/polymerase chain reaction (RT-PCR) assay 
was employed to quantify HCV/luciferase RNA levels. Primers were designed to amplify the 
luciferase coding region of flie HCV 5'UTR/luciferase RNA. Hiis region was chosen because 
HCV-targeted enzymatic nucleic acids that might co-purify with cellular RNA would not 
interfere with RT-PCR amplification of the luciferase RNA region. Primers were also 
designed to amplify the Renilla luciferase RNA so that Renilla RNA levels could be used to 
control for transfection efficiency and sample recovery. 

OST7 cells were treated with active enzymatic nucleic acids designed to cleave after 
sites 195 or 330, paired SACs, or paired BACs. Treatment with enzymatic nucleic acids 
targeting site 195 or 330 resulted in a significant reduction of HCV/luciferase RNA when 
compared to their paired SAC controls {P < 0.01). In this experiment the site 195 enzymatic 
nucleic acid was more efficacious flian the site 330 enzjonatic nucleic acid (Figure 28A). 
Treatment with paired BACs that target site 195 or 330 did not reduce HCVAuciferase RNA 
when compared to the corresponding SACs, fcus confinning that the ability to bind alone 
does not result in a reduction of HCV/hiciferase RNA. 

To confinn that enzymatic nucleic acid-mediated cleavage of target RNA is necessary 
for inhibition of HCV/luciferase expression, HCV/luciferase activity was deteraiined in the 
same experiment As expected, significant inhibition of HCV/luciferase expression was 
observed after treatment with active enzymatic nucleic acids when compared to paired SACs 
(Figure 28B), Importantly, treatment with paired BACs did not inhibit HCVAuciferase 
expression, thus confinning that the ability to bind alone is also not suflScient to inhibit 
translation. As observed in the RNA assay, the site 195 enzymatic nucleic acid was more 
efficacious than the site 330 enzymatic nucleic acid in this experiment However, a 
correlation between enzymatic nucleic acid-mediated HCV RNA reduction and inhibition of 
HCV/luciferase translation was observed for enzymatic nucleic acids to both sites. The 
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reduction in target RNA and the necessity for an active enzymatic nucleic acid catalytic core 
confirm that a enzymatic nucleic acid mechanism is required for the observed reduction in 
HCV/luciferase protein activity in cells treated with site 195 or site 330 enzymatic nucleic 
acids. 

Example 26: Zinzvme Inhibition of chimeric HCV/Poliovims replication 

During HCV infection, viral RNA is present as a potential target for enzymatic nucleic 
acid cleavage at several processes: un-coating, translation, RNA replication and packaging. 
Target RNA can be more or less accessible to enzymatic nucleic acid cleavage at any one of 
Ihese steps. Although the association between the HCV initial ribosome entry site (IRES) and 
the translation apparatus is mimicked in the HCV S'UTR/luciferase reporter system, these 
other viral processes are not represented in the OST7 system. The resulting RNA^rotein 
complexes associated with the target viral RNA are also absent Moreover, these processes 
can be coupled in an HCV-infected cell which could further impact target RNA accessibility. 
Therefore, applicant tested whether enzymatic nucleic acids designed to cleave the HCV 
5'UTR could effect a replicating viral system. 

Recently, Lu and Wimmer characterized a HCV-poliovirus chimera in which the 
poliovirus IRES was replaced by the IRES fi-om HCV (Lu & Wimmer, 1996, Proc, Nati. 
Acad. Sci. USA, 93, 1412-1417). Poliovirus (PV) is a positive strand RNA virus like HCV, 
but unlike HCV is non-enveloped and replicates efficienfly in cell culture. The HCV-PV 
chimera expresses a stable, small plaque phenotype relative to wild type PV. 

The following enzymatic nucleic acid molecules (zinzymes) were synthesized and 
tested for replicative inhibition of an HCV/Poliovirus chimera: RPI 18763, RPI 18812, RPI 
18749, RPI 18765, RPI 18792, and RPI 18814 (Table XX). A scrambled attenuated core 
enzymatic nucleic acid, RPI 18743, was used as a control 

HeLa cells were infected with the HCV-PV chimera for 30 minutes and immediately 
treated with enzymatic nucleic acid. HeLa cells were seeded in U-bottom 96-well plates at a 
density of 9000-10,000 cells/well and incubated at 3TC under 5% C02 for 24 h. 
Transfection of nucleic acid (200 nM) was achieved by mixing of lOX nucleic acid (2000 
nM) and lOX of a cationic lipid (80 |iig/ml) in DMEM (Gibco BRL) with 5% fetal bovine 
serum (FBS). Nucleic acid/lipid conq>lexes were allowed to incubate for 15 minutes at 37**C 
under 5% C02. Medium was aspirated from cells and replaced with 80 \i\ of DMEM (Gibco 
BRL) with 5% FBS semm, followed by fee addition of 20 ^Is of lOX complexes. Cells were 
incubated with complexes for 24 hours at 37**C under 5% C02 . 
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The yield of HCV-PV from treated cells was quantified by plaque assay. The plaque 
assays were performed by diluting virus samples in serum-free DMEM (Gibco BRL) and 
applying 100 |li1 to HeLa cell monolayers ('-80% confluent) in 6-weIl plates for 30 minutes. 
Infected monolayers were overlayed with 3 ml 1.2% agar (Sigma) and incubated at 37^C 
under 5% C02. Two or three days later the overlay was removed, monolayers were stained 
with 1.2% crystal violet, and plaque forming units were counted. The results for the zinzyme 
inhibition of HCV-PV replication are shown in Figure 33. 

Example 27: Antisense inhibition of chimeric HCV/Poliovims replication 

Antisense nucleic acid molecules (RPI 17501 and RPI 17498, Table XXH) were tested 
for replicative inhibition of an HCV/Poliovirus chimera con[5)ared to scrambled controls. An 
antisense nucleic acid molecule is a non-enzymatic nucleic acid molecule that binds to target 
RNA by means of RNA-RNA or RNA-DNA or RNA-PNA (protein nucleic acid; Egholm et 
al., 1993 Nature 365, 566) interactions and alters the activity of the target RNA (for a review, 
see Stein and Cheng, 1993 Science 261, 1004 and Woolf et al., US patent No. 5,849,902). 
Typically, antisense molecules are complementary to a target sequence along a single 
contiguous sequence of Hie antisense molecule. However, in certain embodiments, an 
antisense molecule can bind to substrate such that flie substrate molecule forms a loop, and/or 
an antisense molecule can bind such that tiie antisense molecule forms a loop. Thus, the 
antisense molecule can be complementary to two (or even more) non-contiguous substrate 
sequences or two (or even more) non-contiguous sequence portions of an antisense molecule 
can be complementary to a target sequence or both. For a review of current antisense 
strategies, see Schmajuk et al., 1999, J. Biol. Chem., 274, 21783-21789, Delihas et al., 1997, 
Nature, 15, 751-753, Stein et al, 1997, Antisense N. A. Drag Dev., 7, 151, Crooke, 2000, 
Methods Enzymol., 313, 3-45; Croofce, 1998, Biotech. Genet. Eng. Rev., 15, 121-157, 
Crooke, 1997, Ad. Pharmacol, 40, 1-49. In addition, antisense DNA can be used to target 
RNA by means of DNA-RNA interactions, thereby activating RNase H, which digests the 
target RNA in the duplex. The antisense oligonucleotides can comprise one or more RNAse 
H activating region, which is capable of activating RNAse H cleavage of a target RNA. 
Antisense DNA can be synliiesized chemically or expressed via the use of a single stranded 
DNA expression vector or equivalent thereof. Additionally, antisense molecules can be used 
in combination with the enzymatic nucleic acid molecules of the instant invention. 

A RNase H activating region is a region (generally greater than or equal to 4-25 
nucleotides in length, preferably fix>m 5-1 1 nucleotides in length) of a nucleic acid molecule 
capable of binding to a target RNA to form a non-covalent conq)lex fliat is recognized by 
cellular RNase H enzyme (see for example Arrow et al., US 5,849,902; Arrow et al., US 
5,989,912). The RNase H enzyme binds to the nucleic acid molecule-target RNA complex 



112 



CA 02442092 2003-09-25 
WO 02/081494 PCTAJS02/09187 

and cleaves fhe target RNA sequence. The RNase H activating region comprises, for 
exaniple^ phosphodiester, phosphorofhioate ^preferably at least four of the nucleotides are 
phosphorothiote substitutions; more specifically, 4-11 of the nucleotides are phosphorothiote 
substitutions); phosphorodithioate, 5'-thiophosphate, or methylphosphonate backbone 
chemistry or a combination thereof. In addition to one or more backbone chemistries 
described above, the RNase H activating region can also comprise a variety of sugar 
chemistries. For example, the RNase H activating region can comprise deoxyribose, arabino, 
fluoroarabino or a combination thereof, nucleotide sugar chemistry. Those skilled in the art 
will recognize that the foregoing are non-limiting examples and that any combination of 
phosphate, sugar and base chemistry of a nucleic acid that supports the activity of RNase H 
enzyme is within the scope of the definition of tiie RNase H activating region and the instant 
invention. 

HeLa cells were infected with the HCV-PV chimera for 30 minutes and immediately 
treated with antisense nucleic acid. HeLa cells w^e seeded in U-bottom. 96-well plates at a 
density of 9000-10,000 cells/well and incubated at 37°C under 5% C02 for 24 h. 
Transfection of nucleic acid (200 nM) was achieved by mixing of lOX nucleic acid (2000 
nM) and 1 OX of a cationic lipid (80 |xg/ml) in DMEM (Gibco BRL) with 5% fetal bovine 
serum (FBS). Nucleic acid/lipid complexes were allowed to incubate for 15 minutes at 37*^0 
under 5% C02. Medium was aspirated fiom cells and replaced with 80 |xl of DMEM (Gibco 
BRL) with 5% FBS serum, followed by the addition of 20 |ids of lOX complexes. Cells were 
incubated with complexes for 24 hours at 37*^0 under 5% C02 . 

The yield of HCV-PV from treated cells was quantified by plaque assay. The plaque 
assays w^e performed by diluting virus samples in serum-firee DMEM (Gibco BRL) and 
applying 100 ixl to HeLa cell monolayers (-80% confluent) in 6-well plates for 30 minutes. 
Infected monolayers were overlayed with 3 ml 1.2% agar (Sigma) and incubated at 37®C 
under 5% C02. Two or three days later the overlay was removed, monolayers were stained 
with 1 .2% crystal violet, and plaque forming units were coimted. The results for the antisense 
inhibition of HCV-PV are shown in Figure 34. 

Example 28: Nucleic acid Inhibition of Chimeric HCV/PV in combination with Interferon 

One of the limiting factors in interferon (JPN) therapy for chronic HCV are the toxic 
side effects associated with IFN. Applicant has reasoned that lowering the dose of IFN 
needed can reduce these side effects. Applicant has previously shown that enzymatic nucleic 
acid molecules targeting HCV RNA have a potent antiviral effect against replication of an 
HCV-poliovirus (PV) chimera (Macejak et al, 2000, Hepatology, 31, 769-776). In order to 
determine if the antiviral effect of type 1 IFN could be improved by the addition of anti-HCV 
enzymatic nucleic acid treatment, a dose response (0 U/ml to 100 U/ml) with IFN alfa 2a or 
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IFN alfa 2b was performed m HeLa cells in combination with 200 nM site 195 anti-HCV 
enzymatic nucleic acid (RPI 13919) or enzymatic nucleic acid control (SAC) treatment. The 
SAC control (RPI 17894) is a scrambled binding arm, attenuated core version of the site 195 
enzymatic nucleic acid (RPI 13919). IFTJ dose responses were performed with different 
pretreatment regimes to find the dynamic range of inhibition in this system. In these studies, 
HeLa cells were used instead of HepG2 because of more efficient enzymatic nucleic acid 
delivery (Macejak etal, 2000, Hepatology, 31, 769-776). 

Cells and Vims 

HeLa cells were maintained in DMEM (BioWhittaker, Walkersville, MD) 
supplemented with 5% fetal bovine serum. A cloned DNA copy of flie HCV-PV chimeric 
virus was a gift of Dr. Eckard Wimmer (NYU, Stony Brook, NY). An RNA version was 
generated by in vitro transcription and transfected into HeLa cells to produce infectious virus 
(Lu and Wimmer, 1996, PNAS USA., 93, 1412-1417). 

Enzymatic nucleic acid Svnifaesis 

Nuclease resistant enzymatic nucleic acids and control oligonucleotides containing 2'- 
O-methyl-nucleotides, 2'-deoxy-2'-C-allyl uridine, a 3*-inverted abasic cap, and 
phosphorothioate linkages were chemically synthesized. The anti-HCV enzymatic nucleic 
acid (RPI 13919) targeting cleavage after nucleotide 195 of the 5* UTR of HCV is shown in 
Table XX. Attenuated core controls have nucleotide changes in flie core sequence that 
greatly diminished the enzymatic nucleic acid's cleavage activity. The attenuated controls 
either contain scrambled binding arms (referred to as SAC, RPI 18743) or maintain binding 
arms (BAC, RPI 17894) capable of bmding to the HCV RNA target. 

Enzymatic nucleic acid Deliverv 

A cationic lipid was used as a cytofectin agent. HeLa cells were seeded in 96-well 
plates at a density of 9000-10,000 cells/well and incubated at 37°Cunder 5% C02 for 24 h. 
Transfection of enzymatic nucleic acid or control oligonucleotides (200 nM) was achieved by 
mixing lOX enzymatic nucleic acid or control oligonucleotides (2000 nM) with lOX 
RPL9778 (80 ^ig/ml) in DMEM containing 5% fetal bovine serum (FBS) in U-bottom 96- 
well plates to make 5X complexes. Enzymatic nucleic acid/lipid complexes were allowed to 
incubate for 15 min at 37**C under 5% C02. Medium was aspirated from cells and replaced 
with 80 pi of DMEM (Gibco BRL) containing 5% FBS serum, followed by the addition of 20 
Hl of 5X complexes. Cells were incubated with complexes for 24 h at 37°Cunder 5% C02. 

Interferon/Enzvmatic nucleic acid Combination Treatment 
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Interferon alfa 2a (Roferon®) was purchased from Roche Bioscience (Palo Alto, CA). 
Interferon alfa 2b (Intron A®) was purchased from Schering-Plough Corporation (Madison, 
NJ). Consensus interferon (interferon-alfa-con 1) was a generous gift of Amgen, Inc. 
(Thousand Oaks, CA). For the basis of comparison, the manufacturers' specified imits were 
used in the studies reported here; however, the manufacturers' unit definitions of these three 
IFN preparations are not necessarily the same. Nevertheless, since clinical dosing is based on 
the manufacturers' specified imits, a direct comparison based on these units has relevance to 
clinical therapeutic indices. HeLa cells were seeded (10,000 cells per well) and incubated at 
ST^'Cunder 5% C02 for 24 h. Cells were then pre-treated with interferon in complete media 
(DMEM + 5% FBS) for 4 h and then infected wifli HCV-PV at a multiplicity of infection 
(MOT) = 0.1 for 30 min. The viral inoculum was then removed and enzymatic nucleic acid or 
attenuated control (SAC or BAC) was delivered with the cytofectin formulation (8 )ig/ml) in 
complete media for 24 h as described above. Where indicated for enzymatic nucleic acid dose 
response studies, active enzymatic nucleic acid was nuxed with SAC to maintain a 200 nM 
total oligonucleotide concentration and fhe same lipid charge ratio. After 24 h, cells were 
lysed to relea^se virus. by three cycles of freeze/diaw. Virus was quantified by plaque assay 
and viral yield is reported as mean plaque forming units per ml (pfu/ml) + SD. All 
experiments were repeated at least twice and the trends in flie results reported were 
reproducible. Significance levels (P values) were determined by fhe Student's test 

Plaque Assay 

Virus samples were diluted in serum-free DMEM and 100 ^1 applied to Vero cell 
monolayers (-80% confluent) in 6-well plates for 30 min. Infected monolayers were overlaid 
with 3 ml 1.2% agar (Sigma Chemical Company, St Louis, MO) and incubated at 37°Cunder 
5% C02. When plaques were visible (after two to three days) the overlay was removed, 
monolayers were stained with 1 .2% crystal violet, and plaque forming imits were counted. 

Results 

As shown in Figure 29A and 29B, treatment with the site 195 (RPI 13919) anti-HCV 
hammerhead enzymatic nucleic acid alone (0 U/ml IFN) resulted in viral replication that was 
dramatically reduced compared to SAC-treated cells (85%, P<0.01). For both IFN alfa 2a 
(Figure 29A) or IFN alfa 2b (Figure 29B), treatment with 25 U/ml resulted in a -90% 
inhibition of HCV-PV replication m SAC-treated cells as compared to cells treated wifli SAC 
alone (pO.Ol for both observations). The maximal level of inhibition in SAC-treated cells 
(94%) was achieved by treatment with >50U/ml of either IFN alfa 2a or IFN alfa 2b (p<0.01 
for both observations versus SAC alone). Maximal inhibition could however, be achieved by 
a 5-fold lower dose of IFN alfa 2a (10 U/ml) if enzymatic nucleic acid targeting site 195 in 
the 5' UTR of HCV RNA was given in combination (Figure 29A, p<0.01). While the 
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additional effect of enzymatic nucleic acid treatment on DFN alfa 2b-treated cells at 10 U/ml 
was very slight. Hie combined effect with 25 U/ml IFN alfa 2b was greater in magnitude 
(Figure 29B). For both interferons tested, pretreatment with 25 U/ml in combination with 
200 nM site 195 anti-HCV enzymatic nucleic acid resulted in an even greater level of 
inhibition of viral replication (>98%) compared to replication in cells treated with 200 nM 
SAC alone (P<0.01). 

A dose response of the site 195 anti-HCV enzymatic nucleic acid was also performed in 
HeLa cells, eiflier with or without 12.5 U/ml IFN alfa 2a or IFN alfa 2b pretreatment. As 
shown in Figure 30, enzymatic nucleic acid-mediated inhibition was dose-dependent and a 
significant inhibition of HCV-PV replication (>75% versus 0 nM enzymatic nucleic acid, 
P<0.01) could be achieved by treatment with >150 nM anti-HCV enzymatic nucleic acid 
alone (no IFN). However, in IFN-pretreated cells, the dose of anti-HCV enzymatic nucleic 
acid needed to achieve this level of inhibition was decreased 3-fold to 50 nM (P<0.01 versus 
0 nM enzymatic nucleic acid). In comparison, treatment with the site 195 anti-HCV 
enzymatic nucleic acid alone at 50 nM resulted in only ^^0% inhibition of virus replicatioa 
Pretreatment with IFN enhanced the antiviral effect of site 195 enzymatic nucleic acid at all 
enzymatic nucleic acid doses, compared to no IFN pretreatment 

Interferon-alfaconl, consensus IFN (CIFN), is another type 1 IFN that is used to treat 
chronic HCV. To determine if a similar enhancement can occur in CEFN-treated cells, a dose 
response with CIFN was performed in HeLa cells using 0 U/ml to 12.5 U/ml CIFN in 
combination with 200 nM site 195 anti-HCV enzymatic nucleic acid or SAC treatment 
(Figure 31 A). Again, in the presence of the site 195 anti-HCV enzymatic nucleic acid alone, 
viral replication was dramatically reduced compared to SAC-treated cells. As shown in 
Figure 31A, treatment with 200 nM anti-HCV enzymatic nucleic acid alone significantly 
inhibited HCV-PV replication (90% versus SAC treatment, P<0.01), However, pretreatment 
with concentrations of CIFN from 1 U/ml to 12.5 U/ml in combination with 200 nM anti- 
HCV enzymatic nucleic acid resulted in even greater inhibition of viral replication (>98%) 
compared to replication in cells treated with 200 nM SAC alone (P<0.01). It is important to 
note that pretreatment wifli 1 U/ml CIFN in SAC-treated cells did not have a significant 
effect on HCV-poIiovirus replication, but in the presence of enzymatic nucleic acid a 
significant inhibition of replication was observed (>98%, P<0.01). Thus, the dose of CIFN 
needed to achieve a >98% inhibition could be lowered to 1 U/ml in cells also treated with 200 
nM site 195 anti-HCV enzymatic nucleic acid. 

A dose response of site 195 anti-HCV enzymatic nucleic acid was then performed in 
HeLa cells, either with or without 12.5 U/ml CIFN pretreatment. As shown m Figure 31B, a 
significant inhibition of HCV-PV replication (>95% versus 0 nM enzymatic nucleic acid, 
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P<0.01) could be achieved by treatment with >150 nM anti-HCV enzymatic nucleic acid 
alone. However, in CIFN-pretreated cells, the dose of anti-HCV enzymatic nucleic acid 
needed to achieve fliis level of inhibition was only 50 nM (P<0.01). In comparison, treatmrat 
with the site 195 anti-HCV enzymatic nucleic acid alone at 50 nM resulted in -50% 
inhibition of virus replication. Thus, as was seen with IFN alfa 2a and IFN alfa 2b, the dose 
of en2ymatic nucleic acid could be reduced 3-fold in the presence of CIFN pretreatment to 
achieve a similar antiviral effect as enzymatic nucleic acid-treatment alone. 

To further explore the combination of lower enzymatic nucleic acid concentration and 
CIFN, a dose response with 0 U/ml to 12.5 U/ml CIFN was subsequently perfomied in HeLa 
cells in combination with 50 nM site 195 anti-HCV enzymatic nucleic acid treatment. In 
multiple experiments, treatment with 50 nM anti-HCV enzymatic nucleic acid alone inhibited 
HCV-PV replication 50% - 81% compared to viral replication in SAC-treated cells. As for 
the experiment shown in Figure 31A, treatment with CIFN alone at 5 U/ml resulted in -50% 
inhibition of viral replication. However, a four hour pretreatment with 5 U/ml CIFN followed 
by 50 nM anti-HCV enzymatic nucleic aci4 treatment resulted in 95% - 97% inhibition 
compared tb SAC-treated cells (P<0.01). 

To demonstrate that the enhanced antiviral effect of CIFN and enzymatic nucleic acid 
combination treatment was dependent upon enzymatic nucleic acid cleavage activity, the 
effect of CIFN in combination with site 195 anti-HCV enzymatic nucleic acid versus the 
effect of CIFN in combination with a binding competent, attenuated core, control (BAC) was 
then compared. The BAC can still bind to its specific RNA target, but is greatly diminished in 
cleavage activity. Pretreatment with 12.5 U/ml CEFN reduced the viral yield -90% (7-fold) in 
cells treated with BAC (compare CIFN versus BAC in Figure 32). Cells treated with 200 nM 
site 195 anti-HCV enzymatic nucleic acid alone produced --95% (17-fold) less virus than 
BAC-treated cells (195 RZ BAC in Figure 32). The combination of CIFN pretreatment and 
200 nM site 195 anti-HCV enzymatic nucleic acid results in an augmented >98% (300-fold) 
reduction in viral yield (CIFN+RZ versus control in Figure 32). 

2'-5'-01igoadenvlate Inhibition of HCV 

Type 1 Interferon is a key constituent of many effective treatment programs for chronic 
HCV infection. Treatment with type 1 interferon induces a number of genes and results in an 
antiviral state within the cell. One of the genes induced is 2\ 5' oligoadenylate synthetase, an 
enzyme that synthesizes short 1\ 5* oligoadenylate (2-5A) molecules. Nascent 2-5A 
subsequently activates a latent KNase, RNase L, which in turn nonspecifically degrades viral 
RNA. As described herein, ribozymes targeting HCV RNA that inhibit the replication of an 
HCV-poliovirus (HCV-PV) chimera in cell culture and have shown that this antiviral effect is 
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augmented if ribo2yme is given in combination with type 1 interferon. In addtion, flie 2-5A 
component of the interferon response can also inhibit replication of the HCV-PV chimera. 

The antiviral effect of anti-HCV ribozyme treatment is enhanced if type 1 interferon is 
given in combination. Interferon induces a number of gene products including 2',5' 
oligoadenylate (2-5A) synthetase, double-stranded RNA-activated protein kinase (PKR), and 
the Mx proteins. Mx proteins appear to interfere with nuclear transport of viral complexes 
and are not thougiht to play an inhibitory role in HCV infection. On the other hand, the 
additional Z-SA-mediated KNA degradation (via RNase L) and/or the inhibition of viral 
translation by PKR in interferon-treated cells can augment the ribozyme-mediated inhibition 
of HCV-PV replication. 

To investigate the potential role of the 2-5A/RNase L pathway in this enhancement 
phenomenon, HCV-PV replication was analyzed in HeLa cells treated exogenously wifli 
chemically-synthesized analogs of 2-5A (Figure 35), alone and in combination with the anti- 
HCV ribozyme (RPI 13919). These results were compared to replication in cells treated with 
interferon and/or anti-HCV ribozyme. Anti-HCV ribozyme was transfected into cells with a 
cationic lipid. To control for nonspecific effects due to lipid-mediated ttansfection, a 
scrambled arm, attenuated core, oligonucleotide (SAC) (RPI 17894) was transfected for 
comparison. Hie SAC is the same base composition as the ribozyme but is greatly attenuated 
in catalytic activity due to changes in the core sequence and cannot bind specifically to the 
HCV sequence. 

As shown in Figure 36A, HeLa cells pretreated with 10 U/ml consensus interferon for 
4 hours prior to HCV-PV infection resulted in -70% reduction of viral replication in SAC- 
treated cells. Similarly, HeLa cells treated with 100 nM anti-HCV ribozyme for 20 hours 
after infection resulted in an -80% reduction in viral yield. This antiviral effect was enhanced 
to -98% inhibition in HeLa cells pretreated with interferon for 4 hours before infection and 
then treated with anti-HCV ribozyme for 20 hours after infection. In parallel, a 2-5A 
compound (analog I, Figure 35) that was protected firom nuclease digestion at the 3 '-end 
with an inverted abasic moiety was tested. As shown in Figure 36B, treatment with 200 nM 
2-5A analog I for 4 hours prior to HCV-PV infection only slightly inhibited HCV-PV 
replication (-20%) in SAC-treated ceUs. Moreover, the inhibition due to a 20 hour anti-HCV 
ribozyme treatment was not augmented with a 4 hour pretreatment of 2-5A in combination 
(compare third bar to fourth bar in Figure 3£B). 

There are several possible possible ejqjlanations why the chemically synthesized 2-5A 
analog was not able to completely activate RNase L. It is possible that the 2-5A analog was 
not sufficiently stable or that in this experiment the 4 hour pretreatment period was too short 
for RNase L activation. To test these possibilities, a 2-5 A compound containing a 5 '-terminal 



118 



wo 02/081494 



CA 02442092 2003-09-25 



PCT/US02/09187 



tiiiophosphate (P=S) for added nuclease resistance, in addition to the 3'- abasic, was also 
included (analog H, Figure 35). In addition, a longer 2-5A treatment was used. In this 
experiment (Figure 37), HeLa cells were treated with 2-5 A or 2-5A(P=S) for 20 hours after 
HCV-PV infection. Again, anti-HCV ribozyme treatment resulted in >80% inhibition. In 
contrast to the 20% iiAibition of viral replication seen with a 4 hour 2-5 A pretreatment, viral 
replication in cells treated with 2-5A analog I for 20 hours after HCV-PV infection was 
inhibited by --70%. The P-S version (analog II) inhibited HCV-PV replication by --35%. 
Thus, both 2-5A analogs used here are able to generate an antiviral effect, presumably 
tfirough RNase L activation. The P=S version, although more resistant to 5' 
dephosphorylation, did not yield as great an anti-viral effect It is possible that combination of 
the 5 '-terminal thiophosphate together with the presence of a 3 '-inverted abasic moiety can 
interfere with RNase L activation. Nevertheless, these results demonstrate potent anti-HCV 
activity by a nuclease-stabiUzed 2-5A analog. 

The level of reduction in HCV-PV replication in cells treated with 2-5A analog I for 20 
hours was similar to that in cells pretreated with consensus interferon for 4 hours. To 
determine if this expanded 2-5A treatment regimen would enhance anti-HCV ribozyme 
efficacy to file same degree as does the interferon pretreatment, HeLa cells infected with 
HCV-PV were treated with a combination of 2-5 A and anti-HCV ribozyme for 20 hours after 
infection. In fliis experiment, a 200 nM treatment with anti-HCV ribozyme or 2-5A treatment 
alone inhibited viral replication by 88% or -60%, respectively, compared to SAC treatment 
(Figure 38, left three bars). To maintain consistent transfection conditions but vary the 
concentration of anti-HCV ribozyme or 2-5A, anti-HCV ribozyme was mixed with the SAC 
to maintain a total dose of 200 nM. A 50 nM treatment with anti-HCV ribozyme inhibited 
HCV-PV replication by -70% (solid middle bar). However, the amount of HCV-PV 
replication was not further reduced in cells treated with a combination of 50 nM anti-HCV 
ribozyme and 150 nM 2-5A (striped middle bar). Likewise, cells treated with 100 nM anti- 
HCV ribozyme inhibited HCV-PV replication by -80% whether tihey were also treated with 
100 nM of 2-5A or SAC (right two bars). In contrast, antiviral activity increased from 80% to 
98% when 100 nM anti-HCV ribozyme was given in combination with interferon (Figure 
36A). The reasons for the lack of additive or synergistic effects for the ribozyme/2-5A 
combination therapy is unclear at this time but can be due to fliat fact that botfi compounds 
have a similar mechanism of action (degradation of RNA). Further study is warranted to 
examine this possibility. 

As a monotherapy, 2-5A treatment generates a similar inhibitory effect on HCV- 
poliovirus replication as does interferon treatment. If these results are maintained in HCV 
patients, treatment with 2-5A can not only be efficacious but can also generate less side 
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effects than those observed with interferon if the plethora of interferon-induced genes were 
not activated. 

HBV Cell Culture Models 

As previously mentioned, HBV does not infect cells in culture. However, transfection 
of HBV DNA (either as a head-to-tail dimer or as an "overlengfli" genome of >100%) into 
HuH7 or Hep G2 hepatocytes results in viral gene expression and production of HBV virions 
released into the media. Thus, HBV replication competent DNA are co-transfected with 
ribozymes in cell culture. Such an approach has been used to report intracellular ribozyme 
activity against HBV (zu Putlitz. et aL, 1999, J, Virol, 73, 5381-5387, and Kim et ai, 1999, 
Biochem, Biophys, Res. Commmu, 257, 759-765). In addition, stable hepatocyte cell lines 
have been generated that express HBV. In these cells, only ribozyme need be delivered; 
however, performance of a delivery screen is required. Intracellular HBV gene expression 
can be assayed by a Taqman® assay for HBV RNA or by ELISA for HBV protein. 
Extracellular virus can be assayed by PCR for DNA or ELISA for protem. Antibodies are 
commercially available for HBV surface antigen and core protein. A secreted alkaline 
phosphatase expression plasmid can be used to normalize for differences in transfection 
efficiency and sample recovery. 

HBV Animal Models 

There are several small animal models to . study HBV replication. One is the 
transplantation of HB V-infected liver tissue into irradiated mice. Viremia (as evidenced by 
measuring HBV DNA by PCR) is first detected 8 days after transplantation and peaks 
between 18-25 days (Dan et al, 1999, Hepatohgy, 29, 553-562). 

Transgenic mice that express HBV have also been used as a model to evaluate potential 
anti-virals. HBV DNA is detectable m both liver and serum (Guidotti et al, 1995, J. 
Virology, 69, 10, 6158-6169; Morreye^ a/., 199% Antiviral Res., A2, 91 

An additional model is to establish subcutaneous tumors in nude mice with Hep G2 
cells transfected with HBV. Tumors develop in about 2 weeks after inoculation and ejqpress 
HBV surface and core antigens. HBV DNA and surface antigen is also detected in the 
circulation oftumor-bearing mice (Yaoe^ a/., 1996,/. Viral Hq>at.,3, 19-22). 

In one embodiment, the invention features a mouse, for example a male or female 
mouse, implanted with HepG2.2.15 cells, wherein the mouse is susceptible to HBV infection 
and capable of sustaining HBV DNA expression. One embodiment of the invention provides 
a mouse implanted with HepG2.2.15 cells, wherein said mouse sustains (he propagation of 
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HEPG2.2.15 cells and HBV production (see Macejak, US Provisional Patent Application No. 
60/296,876). 

Woodchuck hepatitis virus (WHY) is closely related to HBV in its virus structure, 
genetic organization, and mechanism of replication. As with HBV in humans, persistent 
WHV infection is common in natural woodchuck populations and is associated with chronic 
hepatitis and hepatocellular carcinoma (HCC). Experimental studies have established that 
WHV causes HCC in woodphucks and woodchucks chroirically infected with WHV have 
been used as a model to test a number of anti-viral agents. For example, the nucleoside 
analogue. 3T3 was observed to cause dose dependent reduction in virus (50% reduction after 
two daily treatments at the highest dose) (Hurwitz et al, 1998. Antimicrob. Agents 
Chemother., 42, 2804-2809). 

HCV Cell Culture Models 

Althougih there have been reports of replication of HCV in cell culture (see below), 
these systems are diflScult to replicate and have proven unreliable. Therefore, as was the case 
for development of other anti-HCV therapeutics such as interferon and ribavirin, after 
demonstration of safety in animal studies applicant can proceed directly into a clinical 
feasibility study. 

Several recent reports have documented in vitro growth of HCV in human cell lines 
(Mizutani et aL, Biochem Biophys Res Commun 1996 227(3):822"826; Tagawa et aL, 
Journal of Gasteroenterology and Hepatology 1995 10(5):523-527; Cribier et aL, Journal of 
General Virology 76(10):2485-2491; Seipp et al, Journal of General Virology 1997 
78(10)2467-2478; lacovacci et al. Research Virology 1997 148(2):147-151; locavacci et al, 
Hepatology 1997 26(5) 1328-1337; Ito et al, Journal of General Virology 1996 77(5):1043- 
1054; Nakajima et al. Journal of Virology 1996 70(5):3325-3329; Mizutani et al, Journal of 
Virology 1996 70(10):72i9-7223; Valli et aL, Res Virol 1995 146(4): 285-288; Kato et aL, 
Biochem Biophys Res Comm 1995 206(3):863-869). Replication of HCV has been 
demonstrated in both T and B cell lines as well as cell lines derived from hiunan hepatocytes. 
Demonstration of replication was documented using either RT-PCR based assays or the b- 
DNA assay. It is important to note that the most recent publications regarding HCV cell 
cultures document replication for up to 6-months. 

Additionally, another recent study has identified more robust strains of hepatitis C virus 
having adaptive mutations that allow the strains to replicate more vigorously in human oeD 
cuItmB. The mutations that confer this enhanced ability to replicate are located in a specific 
region of a protein identified as NS5A. Studies performed at Rockefeller University have 
shown that in certain cell culture systems, infection with the robust strains produces a 10,000- 
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fold increase in the number of infected cells. The greatly increased availability of HCV- 
infected cells in culture can be used to develop high-throughput screening assays, in which a 
large number of compounds, such as enzymatic nucleic acid molecules, can be tested to 
determine their effectiveness. 

In addition to cell lines that can be infected with HCV, several groups have reported the 
successful transformation of cell lines with cDNA clones of full-length or partial HCV 
genomes (Harada et al. Journal of General Virology 1995 76(5)1215-1221; Haramatsu et 
al, Journal of Viral Hepatitis 1997 4S(l):61-67; Dash et al, American Journal of Pathology 
1997 151(2):363-373; Mizuno et al, Gasteroenterology 1995 109(6): 1933-40; Yoo et al. 
Journal Of Virology 1995 69(l):32-38). 

HCV Animal Models 

The best characterized animal system for HCV mfection is the chimpanzee. Moreover, 
the chronic hepatitis that results from HCV infection in chimpanzees and himians is veiy 
similar. Although clinically relevant the chunpanzee model suffers from several practical 
impediments that make use of fliis model difficult These include; high cost, long incubation 
requirements and lack of sufficient quantities of animals. Due to these factors, a number of 
groups have attempted to develop rodent models of chronic hepatitis C infection. While 
direct infection has not been possible several groups have reported on the stable transfection 
of either portions or entire HCV genomes into rodents (Yamamoto et al, Hepatology 1995 
22(3): 847-855; Galun et al. Journal of Infectious Disease 1995 172(l):25-30; Koike et al. 
Journal of general Virology 1995 76(12)3031-3038; PasquineUi et al, Hepatology 1997 
25(3): 719-727; Hayashi et al, Princess Takamatsu Symp 1995 25:1430149; Mariya K, 
Yotsuyanagi H, Shintani Y, Fujie H, Ishibashi K, Matsuura Y, Miyamura T, Koike K 
Hepatitis C virus core protein induces hepatic steatosis in transgenic mice. Journal of General 
Virology 1997 78(7) 1527-1531; Takehara et al, Hepatology 1995 21(3):746-751; 
Kawamura et al, Hepatology 1997 25(4): 1014-1021). In addition, transplantation of HCV 
infected human liver into immunocompromised mice results in prolonged detection of HCV 
RNA in the animal's blood. 

Vierling, International PCT Publication No. WO 99/16307, describes a method for 
expressing hepatitis C vims in an in vivo animal model. Viable, HCV infected human 
hepatocytes are transplanted into a liver parenchyma of a scid/scid mouse host The scid/scid 
mouse host is then maintained in a viable state, whereby viable, morphologically intact 
human hepatocytes persist in the donor tissue and hepatitis C virus is replicated in the 
persisting human hepatocytes. This model provides an effective means for the study of HCV 
inhibition by enzymatic nucleic acids in vivo. 
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Indications 

Particular degenerative and disease states that can be associated with HBV expression 
modulation include, but are not Imiited to, HBV infection, hepatitis, cancer, tumorigenesis, 
cirrhosis, liver failure and other conditions related to the level of HBV, 

Particular degenerative and disease states that can be associated with HCV expression 
modulation include, but are not limited to, HCV infection, hepatitis, cancer, tumorigenesis, 
cirrhosis, liver failure and other conditions related to die level of HCV. 

The present body of knowledge in HBV and HCV research indicates the need for 
methods to assay HBV or HCV activity and for compounds that can regulate HBV and HCV 
expression for research, diagnostic, and therapeutic use. 

Lamivudine (3TC®), L-FMAU, adefovir dipivoxil, type 1 Interferon (ag, interferon 
alpha, interferon beta, consensus interferon, polyethylene glycol interferon, polyethylene 
glycol interferon alpha 2a, polyethylene glycol interferon 2b, and polyethylene glycol 
consensus interferon), therapeutic vaccines, steriods, and 2'-5' Oligoadenylates are non- 
limiting examples of pharmaceutical agents that can be combined with or used in conjunction 
with flie nucleic acid niolecules (e.g. ribozymes and antisense molecules) of the instant 
invention. Those skilled in the art will recognize that other drugs or other therapies can 
similarly and readily be combined with the nucleic acid molecules of the instant invention 
(eg. ribozymes and antisense molecules) and are, therefore, within the scope of the instant 
invention. 

Diagnostic uses 

The nucleic acid molecules of this invention can be used as diagnostic tools to examine 
genetic drift and mutations within diseased cells or to detect the presence of HBV or HCV 
RNA in a cell For example, tlie close relationship between enzymatic nucleic acid activity 
and the structure of the target RNA allows flie detection of mutations in any region of die 
molecule which alters the base-pairing and three-dimensional structure of the target RNA. 
By using multq)le enzymatic nucleic acids described in this invention, one can map 
nucleotide changes which are important to RNA structure and function in vitro, as well as in 
cells and tissues. Cleavage of target RNAs with enzymatic nucleic acids can be used to 
inhibit gene expression and define the role (essentially) of specified gene products in the 
progression of disease. In this manner, other genetic targets can be defined as important 
mediators of the disease. These e^eriments can lead to better treatment of the disease 
progression by affording the possibility of combinational therapies (e.g., multiple enzymatic 
nucleic acid molecules targeted to different genes, en^onatic nucleic acid molecules coupled 
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with kaown small molecule inhibitors, or intermittent treatment with combinations of 
enzymatic nucleic acid molecules and/or other chemical or biological molecules). Other in 
vitro uses of enzymatic nucleic acid moleculesof this invention are well known in the art, and 
include detection of the presence of mKNAs associated with HBV or HC V-related condition. 
Such RNA is detected by determining the presence of a cleavage product after treatment with 
an enzymatic nucleic acid using standard methodology. 

hi a specific example, enzymatic nucleic acid molecules which can cleave only wild- 
type or mutant forms of the target RNA are used for the assay. The first enzymatic nucleic 
acid is used to identify wild-type RNA present in the sample and the second enzymatic 
nucleic acid is used to identify mutant RNA in the sample. As reaction controls, synthetic 
substrates of both wild-type and mutant RNA can be cleaved by both enzymatic nucleic acid 
molecules to demonstrate the relative ribozyme efficiencies in the reactions and Ihe absence 
of cleavage of the "non-targeted" RNA species. The cleavage products from the synthetic 
substrates can also serve to generate size markers for the analysis of wild-type and mutant 
RNAs in the sample population. Thus each analysis involves two enzymatic nucleic acid 
molecules, two substrates and one unknown sample which is combined into six reactions. 
The presence of cleavage products is determined usmg an RNAse protection assay so that 
full-length and cleavage fragments of each RNA can be analyzed in one lane of a 
polyaciylamide gel. It is not absolutely required to quantify tibe results to gain insight into 
the e;q>ression of mutant RNAs and putative risk of the desired phenotypic changes in target 
cells. The expression of mRNA whose protein product is implicated in the development of 
the phenotype (/.e, HBV or HCV) is adequate to establish risk. If probes of comparable 
specific activity are used for both transcripts, then a qualitative comparison of RNA levels is 
adequate and will decrease the cost of the initial diagnosis. Higher mutant form to wild-type 
ratios are correlated with higher risk whether RNA levels are compared qualitatively or 
quantitatively. 

Additional Uses 

Potential usefulness of sequence-specific enzymatic nucleic acid molecules of the 
instant invention have many of the same applications for the study of RNA that DNA 
restriction endonucleases have for the study of DNA (Nathans et aL, 1975 Ann. Rev. 
Biochem. ^'213), For example, the pattern of restriction fragments can be used to establish 
sequence relationships between two related RNAs, and large RNAs can be specifically 
cleaved to fiagments of a size more useful for study. The ability to engineer sequence 
specificity of the enzymatic nucleic acid molecule is ideal for cleavage of RNAs of unknown 
sequence. Applicant describes the use of nucleic acid molecules to down-regulate gene 
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expression of target genes in bacterial, microbial, fungal, viral, and eukaiyotic systems 
including plant, or mammalian cells. 

All patents and publications mentioned in the specification are indicative of the levels 
of skill of those skilled in the art to which the invention pertains. All references cited in this 
disclosure are incorporated by reference to the same extent as if each reference had been 
incorporated by reference in its entirely individually. 

One skilled in the art would readily appreciate that the present invention is well adapted 
to cany out the objects and obtain the ends and advantages mentioned, as well as those 
inherent therein. The methods and compositions described herein as presently representative 
of preferred embodiments are exemplary and are not intended as limitations on the scope of 
the invention. Changes therein and other uses will occur to those skilled in the art, which are 
enconq)assed within the spirit of the invention, are defined by the scope of the claims. 

It will be readily apparent to one skilled in the art that varying substitutions and 
modifications may be made to &e invention disclosed herem williout departing fi:om the 
scope and spirit of the invention. Thus, such additional embodiments are within the scope of 
the present invention and the following claims. 

The invention illustratively described herein suitably can be practiced in the absence of 
any element or elements, limitation or limitations that are not specifically disclosed herein. 
Thus, for example, in each instance herein any of tiie terms "comprising", "consisting 
essentiaUy of and "consisting of may be replaced with either of the other two terms. The 
terms and expressions which have been employed are used as terms of description and not of 
limitation, and there is no intention that in the use of such terms and expressions of excluding 
any equivalents, of the features shown and described or portions thereof, but it is recognized 
that various modifications are possible within the scope of the invention claimed. Thus, it 
should be imderstood that altiiough the present invention has been specifically disclosed by 
preferred embodiments, optional features, modification and variation of the concepts herein 
disclosed may be resorted to by those skilled in the art, and that such modifications and 
variations are considered to be within the scope of this invention as defined by the description 
and the appended claims. 

In addition; where features or aspects of flie invention are described in terms of 
Markush groups or other grouping of alternatives, those skiUed in the art will recognize that 
the invention is also thereby described in terms of any individual member or subgroup of 
members of the Markush group or other group. 
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TABLE I 

Oiajacteristics of naturally occurring ribozymes 
Group I Introns 

• Si2e: -150 to >1000 nucleotides. 

• Requires a U in flie target sequence iimnediatdy 5' of the cleavage site. 

• Binds 4-6 nucleotides at the 5 -side of the cleavage site. 

• Reaction mechanism: attack by the 3'-OH of guanosine to generate deavage products 
with 3'-OH and 5'-guanosine. 

• Additional protein cofactors required in some cases to help folding and maintainance 
of the active structure. 

• Over 300 known members of this class. Foxxnd as an intervening sequence in 
TetraJtymem thermophila tBNA, fungal mitochondria, chloroplasts, phage T4, blue- 
green algae, and others. 

• Major structural features largely established through phylogenetic comparisons/ 
mutagenesis, and biochemical studies 

• Complete kinetic framework established for one ribozyme p/V,^l. 

• Studies of ribozyme folding and substrate docking underway [^V^/"]. 

• Chemical modification investigation of important residues well established [^^]. 

• The small (4-6 nt) binding site may make this ribozyme too non-specific for targeted 
RNA deavage, however, the Tetrahymena group I intron has been used to repair a 
''defective'' p-galactosidase message by the ligation of new P-galactosidase sequences 
onto the defective message 



RNAsePRNA(M1 RNA) 

• Size: --290 to 400 nudeotides. 

* RNA portion of a ubiquitous ribonudeoprotein enzyme. 



126 



wo 02/081494 



CA 02442092 2003-09-25 



PCT/US02/09187 



Cleaves iRNA precursors to form mature tEU>JA 

2+ 

Reaction mechanism: possible attack by M -OH to generate cleavage products with 
3'-OH and 5'-phosphate. 

RNAse P is found throughout the prokaryotes and eukaryotes. The RNA subtmit has 
been sequenced from bacteria, yeast rodents^ and primates. 

Recmitment of endogenous RNAse P for therapeutic applications is possible through 
hybridization of an External Giiide Sequence (ECS) to the target RNA [»v xv] 

Important phosphate and 1 OH contacts recently identified [xvi^xvU] 



Group II Introns 

• Size: >1000 nucleotides. 

• Trans cleavage of target RNAs recently demonstrated ['^,'*^]. 

• Sequence reqtiirements not fully determined. 

• Reaction mechanism: 2'-OH of an internal adenosine generates cleavage products with 
3'-OH and a "lariat" RNA containing a 3'-5' and a 2'-5' branch point 

• Only natural ribozyme with demonstrated participation in DNA cleavage in 
addition to RNA cleavage and ligation. 

• Major structural features largely established through phylogenetic comparisons \^ . 

• Important 2' OH contacts beginning to be identified p^"*] 

• Kinetic framework tmder development 



Neurospora VS RNA 

• Size: ~144 nucleotides. 

• Trans cleavage of hairpin target RNAs recently demonstrated 
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• Sequence reqtdrements not fully detennined. 

• Reaction mechanism: attack by 2'-OH 5' to the scissile bond to generate cleavage 
products with 2'^'-cyclic phosphate and 5'-OH ends. 

• Binding sites and structural requirements not fully detennined. 

• Only 1 known member of this class. Found in Neurospora VS RNA. 

Hammerhead RIbozyme 

(see text for references) 

• Size: '-13 to 40 nucleotides. 

• Requires ftie target sequence UH immediately 5' of ttie deavage site. 

• Binds a variable number nucleotides on both sides of tfie deavage site. 

• Reaction mechanism: attack by I'-OH 5' to the scissile bond to generate cleavage 
products with 2'^'-cyclic phosphate and 5'-OH ends. 

• 14 known members of this class. Found in a number of plant pathogens (virusoids) 
that use RNA as the infectious agent 

• Essential structural features largely defined^ induding 2 crystal structures [xxvi^xxviij 

• Minimal ligation activity demonstrated (for engineering through in vitro selection) 

^xxviiij 

• Complete kinetic framework established for two or more ribozymes ^°^], 

• Chemical modification investigation of important residues well established [^]. 

Hairpin RIbozyme 

• Size: ~50 nudeotides. 

• Requires the target sequence GUC immediately 3' of the deavage site. 
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• Binds 4-6 nucleotides at the 5 -side of the deavage site and a variable number to die 3'- 
side of the cleavage site. 

• Reaction mechanism: attack by 2'-OH 5' to flie sdssile bond to generate cleavage 
products with 2',3'-cycIic phosphate and 5'-OH ends. 

• 3 known members of this class. Found in three plant pathogen (satellite RNAs of the 
tobacco ringspot virus, arabis mosaic virus and chicory yellow mottle virus) which 
uses RNA as the infectious agent 

• Essentidstructurd features largdy defined 

• ligation activity (in addition to cleavage activity) makes ribozyme amenable to 
engineering through in vitro selection \^] 

Complete kinetic framework established for one ribozjrme [»cxvij. 

• Chemical modificationinvestigation of important residues begun paxvn^xxxvxiij^ 

Hepatitis Delta Virus (HDV) Ribozyme 

• Size: ~60 nucleotides. 

• Trans cleavage of target RNAs demonstrated [^^] . 

• Binding sites and structural requirements not fully determined, although no sequences 
. 5' of cleavage site are required. Folded ribozyme contains a pseudoknot structure 

• Reaction mechanism: attack by 2'-OH 5' to the sdssile bond to generate cleavage 
products with 2',3'-cyclic phosphate and 5'-OH ends. 

• Only 2 known members of tiiis class. Found in human HDV. 

• x^Orcular form of HDV is active and shows increased nuclease stability [^] 



* . Michel Francois; Westhof, Eric. Slippery substrates. Nat Struct Biol. (1994), 1(1), 5-7. 
« . Lisacek, Frederique; Diaz, Yolande; Michel, Francois. Automatic identification of group I 
intron cores in genomic DNA sequences. J. Mol. BioL (1994), 235(4), 1206-17. 

. Herschlag, Daniel; Cech, Thomas R.. Catalysis of RNA cleavage by the Tetrahymena 
thermophila ribozyme. 1. Kinetic description of the reaction of an RNA substrate complementary to 
the active site. Biochemistry (1990), 29(44), 10159-71, 
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Table II: 



A. Z5[imol Synthesis CydeABI 394 Instmment 



Reagent 


Equivalents 


Amount 


Wait Time* DNA 


Wait Time* Z'-Onnethyl 


Walt Time*RNA 














PhosphOFamldites 


6.5 


163 \il 


45 sec 


2.5 min 


7.5 mln 


S-Ethyl Tetrazole 


23.8 


238 ML 


45 sec 


2.5 mtn 


7.5 mln 


Acetic Anhydride 


100 


233 pL 


5 sec 


5sec 


5 sec 


AM\/lethy1 
Imidazole 


186 


233 pL 


5 sec 


5 sec 


5 sec 


TCA 


176 


2.3 mL 


21 sec 


21 sec 


21 sec 


Iodine 


11.2 


1.7 ml 


45 sec 


45 sec 


45 860 


Beaucage 


12.9 


645 pL 


100 sec 


300 sec 


300 sec 


AcetonitriJe 




6.67 mL 


NA 


NA 


NA 



B. 0.2 >xmol Synthesis Cyde ABI 394 Instrument 



Reagent 


Equivalents 


Amount 


Wait Time* DNA 


Wait Time* 2'-0-metl)yi 


WaitTime*RNA 














Phosphcramldites 


15 


31 pL 


45 sec 


233 sec 


465 sec 


S-Ethyl Tetrazole 


38.7 


31 pL 


45 sec 


233 mln 


465 sec 


Acetic Anhydride 


655 


124 pL 


5 sec 


5 sec 


5 sec 


A^IVIethyl 
Imidazole 


1245 


124 pL 


5 sec 


58ec 


5 sec 


TCA 


700 


732 pL 


10 sec 


10 sec 


10 sec 


Iodine 


20.6 


244 pL 


15 sec 


15 sec 


15 sec 


Beaucage 


7.7 


232 pL 


100 sec 


300 sec 


300 sec 


Acetonitrile 


NA 


2.64 mL 


NA 


NA 


NA 



C 0.2 pmol Synthesis Cyde 96 well Instrument 



Iteagent 


Equivalents: DNA/ 
2'-0-methyimibo 


Amount: DNA/2'-0- 
methyl/Rlbo 


Walt Time* DNA 


Walt Time* 2'-0. 
methyl 


Walt Time* Ribo 














Phosphcramldites 


22/33/66 


40/60/120 pL 


60 sec 


160 sec 


360sec 


5-Ethyl Tetrazole 


70/105/210 


40/60/120 pL 


60 sec 


160 mln 


360 sec 


Acetic Anhydride 


265/265/265 


50/50/50 pL 


10 sec 


10 sec 


10 sec 


N-Methyl 
Imidazole 


502/502/502 


50/50/50 pL 


10sec 


10 sec 


10 sec 


TCA 


238/475/475 


250/500/500 ML 


15 sec 


15 sec 


15 sec 


Iodine 


6.8/6.8/6.8 


80/80/80 pL 


30 sec 


30 sec 


30 sec 


Beaucage 


34/51/51 


80/120/120 


100 sec 


200 sec 


200 sec 


Acetonitrile 


l^iA 


1150/1150/1150 ML 


NA 


NA 


NA 



• Wait time does not indude contact time during delivery. 
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Table III: HBV Strains and Accession numbers 



Accession 
Number 


NAME 


AF100308.1 


AF100308 Hepatitis B virus strain 2-18, complete 


AB026815.1 


AB026815 Hepatitis B virus DHA, complete genome, 


AB033559.1 


AB033559 Hepatitis B virus DHA, complete genome, 


AB033558.1 


AB033 558 Hepatitis B virus DNA, complete genome, 


AB033557.1 


AB033557 Hepatitis B virus DNA, complete genome, 


AB033556.1 


AB033S56 Hepatitis B virus DNA, complete genome. 


AB033555.1 


AB033555 Hepatitis B virus DNA, complete genome. 


AB0335S4.1 


AB033554 Hepatitis B virus DNA, complete genome. 


AB033553.1 


AB033553 Hepatitis B viiAis DNA, complete genome. 


AB033552.1 


AB0335S2 Hepatitis B virus DNA, complete genome. 


AB033551.1 


AB033551 Hepatitis B virus DNA, complete genome. 


AB033550.1 


AB033550 Hepatitis B virus DNA, complete genome 


AF143308.1 


AF143308 Hepatitis B virus clone WB1254, complete 


AF1433D7.1 


AF143307 Hepatitis B virus clone RM518, complete 


AF143306.1 


AF143306 Hepatitis B virus clone RM517, complete 


AF143305.1 


AF143305 Hepatitis B virus clone RM501, complete 


AF143304.1 


AF143304 Hepatitis B virus clone HD319, complete 


AF143303.1 


AF143303 Hepatitis B virus clone HD1406, complete 


AF143302 .1 


AF143302 Hepatitis B virus clone HD1402, complete 


AP143301.1 


AF143301 Hepatitis B virus clone BW1903, complete 


AF143300.1 


AF143300 Hepatitis B virus clone 7832-G4, complete 


AF143299.1 


AF143299 Hepatitis B virus clone 7744-G9, complete 


AF143298.1 


AF143298 Hepatitis B virus clone 7720-G8, complete 


AB026814.1 


AB026814 Hepatitis B virus DNA, complete genome, 


AB026813.1 


ABO 2 6 813 Hepatitis B virus DNA, complete genome. 


AB026812.1 


AB026812 Hepatitis B virus DNA, complete genome. 


AB026811.1 


AB026811 Hepatitis B virus. DNA, complete genome. 


AJ131956.1 


HBV131956 Hepatitis B virus complete genome, 


AF151735.1 


AF151735 Hepatitis B virus, complete genome 


AF090642.1 


AF090842 Hepatitis B viznis strain G5. 27295, complete 


AF090641.1 


AF090841 Hepatitis B virus strain G4. 27241, complete 


AF090840.1 


AF090840 Hepatitis B virus strain G3. 27270, complete 


AF090839.1 


AF090839 Hepatitis B virus strain G2. 27246, complete 


AF090838.1 


AF090838 Hepatitis B virus strain PI. 27239, complete 


yi8858.1 


HBV18858 Hepatitis B virus complete genome, isolate 


Y18857.1 


HBV18857 Hepatitis B virus complete genome, isolate 


D12980.1 


HPBCG Hepatitis B virus subtype adr{SRADR) DNA, 


Y18856.1 


HBV18856 Hepatitis B virus couplet e genome, isolate 


Y18855.1 


HBV18855 Hepatitis B virus complete genome, isolate 


AJ131133.1 


HBV131133 Hepatitis B virus, complete genome, strain 


X80925.1 


HBVP6PCXX Hepatitis B virus {patient 6} complete 


X80926.1 


HBVP5PC3CX Hepatitis B virus (patient 5) complete 


X80924.1 


HBVP4PCXX Hepatitis B virus (patient 4) complete 
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AF100309.1 


Hepatitis B virus strain 56, complete genome 


AF068756.1 


AF068756 Hepatitis B virus, complete genome 


AF043593.1 


AF043593 Hepatitis B virus isolate 6/89, complete 


y07587.1 


HBVAYWGEN Hepatitis B virus, complete genome 


D28880.1 


D28880 Hepatitis B virus DMA, complete genome, strain 


X98076.1 


HBVDEFVP3 Hepatitis B virus complete genome with 


X98075.1 


HBVDEFVP2 Hepatitis B virus complete genome with 


X98074.1 


HBVDEFVPl Hepatitis B virus complete genome with 


X98077.1 


HBVCGWITY Hepatitis B virus complete genome, wild type 


X98072.1 


HBVCGINSC Hepatitis B virus complete genome with 


X98073 .1 


HBVCGINCX Hepatitis B virus complete genome with 


U95551.1 


U95551 Hepatitis B vims subtype ayw, complete genome 


D23684.1 


HPBC6T588 Hepatitis B virus (C6-TKB588) complete genome 


D23683.1 


HFBC5HKD2 Hepatitis B virus (C5-HBVK02} complete genome 


D23682.1 


HPBB5HK01 Hepatitis B virus (B5-HBVK01) complete genome 


D23681.1 


HPBC4HST2 Hepatitis B virus (C4-HBVST2) complete genome 


D23680.1 


HPBB4HST1 Hepatitis B virus (B4-HBVST1) complete genome 


D00331.1 


HPBADW3 Hepatitis B virus genome, complete genome 


D00330.1 


HPBADW2 Hepatitis B virus genome, complete genome 


D50489 .1 


HPBAllA Hepatitis B virus DNA, complete genome 


D23679.1 


HPBA3HMS2 Hepatitis B virus (A3-HBVMS2) complete genome 


D23678.1 


HPBA2HYS2 Hepatitis B virus (A2-HBVYS2) complete genome 


D23677.1 


HPBA1HKK2 Hepatitis B virus (A1-HBVKK2) complete genome 


D16665.1 


HPBADRM Hepatitis B virus DNA, complete genome 


D00329.1 


HPBADWl Hepatitis B virus (HBV) genome, complete genome 


X97851.1 


HBVP6CSX Hepatitis B virus (patient 6) complete genome 


X97850.1 


HBVP4CSX Hepatitis B virus (patient 4) complete genome 


X97849.1 


HBVP3CSX Hepatitis B virus (patient 3} complete genome 


X9784B.1 


HBVP2CSX Hepatitis B virus (patient 2) complete genome 


X51970.1 


HVHEPB Hepatitis B virus (HBV 991) complete genome 


M38636.1 


HPBCGADR Hepatitis B virus, subtype adr, complete genome 


X59795.1 


HBVAYWMCG Hepatitis B virus (ayw subtype mutant) 


M38454.1 


HPBADRICG Hepatitis B virus , complete genome 


M32138.1 


HPBHBVAA Hepatitis B virus variant HBV-alphal, complete 


J02203.1 


HPBAYW Human hepatitis B virus (subtype ayw) , complete 


M12906.1 


HPBADRA Hepatitis B virus subtype adr, complete genome 


M54923.1 


HPBADWZ Hepatitis B virus (subtype adw) , complete genome 


L27106.1 


HPBMUT Hepatitis B virus mutant complete genome 
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Table rV: HBV Substrate Sequence 



NT Position^ 


SUBSTRATE 


SEQID 


82 


CUAUCGUCCCCUUCUUCAUC 


1. 


101 


CUACCGUUCCGGCC 


2 . 


159 


CUUCUCAUCU 


3. 


184 


CUUCCCUUCACCAC 


4 . 


269 


GACUCUCAGAAUGUCAACGAC 


5 . 


381 


CUGUAGGCAUAAAUGGUCUG 


6. 


401 


GUUCACCAGCACCAUGCAACUUUUU 


7. 


424 


UUUCACGUCUGCCUAAUCAUC 


8. 


524 


AUUUGGAGCUUC 


9. 


562 


CUGACUUCUUUCCUUCUAUUC 


10. 


649 


CUCACCAUACCGCACUCA 


11. 


667 


GGCAAGCUAUUCUGUG 


12. 


717 


GGAAGUAAUUUGGAAGAC 


13. 


758 


CAGCUAUGUCAAUGUUAA 


14. 


783 


CUAAAAUCGGCCUAAAAUCAGAC 


15. 


812 


CAUUUCCUGUCUCACUUUUGGAAGAG 


16. 


887 


UCCUGCUUACAGAC 


17. 


922 


CAACACUUCCGGAAACUACUGUUGUUAG 


18. 


989 


CUCGCCUCGCAGACGAAGGUCUC 


19. 


1009 


CAAUCGCCGCGUCGCAGAAG 


20. 


1031 


AUCUCAAUCUCGGGAAUCUCAA 


21. 


1052 


AUGUUAGUAUCCCUUGGACUC 


22. 


1072 


CAUAAGGUGGGAAACUUUACUG 


23. 


1109 


CUGUACCUAUUCUUUAAAUCC 


24. 


1127 


CUGAGUGGCAAACUCCC 


25. 


1271 


CCAAAUAUCUGCCCUUGGACAA 


26. 


1297 


AUUAAACCAUAUUAUCCUGAACA 


27. 


1319 


AUGCAGUUAAUCAUUACUUCAAAACUA 


28. 


1340 


AAACUAGGCAUUA 


29. 


1370 


AGGCGGGCAUUCUAUAUAAGAGAG 


30. 


1393 


GAAACUACGCGCAGCGCCUCAUUUUGU 


31. 


1412 


CAUUUUGUGGGUCACCAUA 


32. 


1441 


CAAGAGCUACAGCAUGGG 


33. 



LOCUS HPB7VDR1CG 3221 bp DNA circular VRL 

06-MAR-1995 

DEFINITION Hepatitis B virus , complete genome. 
ACCESSION M38454 



*The nucleotide number referred to in that table is the position of the 5' end of the oligo 
in this sequence. 
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TABLE V: HUMAN HBV HAMmimEAD RIBOZYME 



Pos 


Substrate 


Seq 
ID 


Kammerhead 


Seq 
ZD 


13 


CCACCACU U UCCACCAA 


34 


UUGGUGGA CUGAUGAG GCCGUUAGGC CGAA AGUGGUGG 


7434 


14 


CACCACUa U CCACCAAA 


35 


UUUGGUGG CUGAUGAG GCCGUUAGGC CGAA AAGUGGUG 


7435 


15 


ACCACUUU C CACCAAAC 


36 


GUUUGGUG CUGAUGAG GCCGUUAGGC CGAA AAAGUGGU 


7436 


25 


ACCAAACU C UUCAAGAU 


37 


AUCUUGAA CUGAUGAG GCCGUUAGGC CGAA AGUUUGGU 


7437 


27 


CAAACUCU U CAAGAUCC 


38 


6GAUCUUG CUGAUGAG GCCGUUAGGC CGAA AGAGUUUG 


7438 


28 


AAACUCUU C AAGAUCCC 


39 


GGGAUCUU CUGAUGAG GCCGUUAGGC CGAA AAGAGUUU 


7439 


34 


UUCAAGAU C CCAGAGUC 


40 


6ACUCUGG CUGAUGAG GCCGUUAGGC CGAA AUCUUGAA 


7440 


42 


CCCAGAGU C AGGGCCCU 


41 


AGGGCCCU CUGAUGAG GCCGUUAGGC CGAA ACUCUGGG 


7441 


53 


GGCCOJGU A CUUUCCUG 


42 


CAGGAAAG CUGAUGAG GCCGUUAGGC CGAA ACAGGGCC 


7442 


56 


CCUGUACU U UCCUGCUG 


43 


CAGCAGGA CUGAUGAG GCCGUUAGGC CGAA AGUACAGG 


7443 


57 


CUGUACUU U CCUGCUGG 


44 


CCAGCAGG CUGAUGAG GCCGUUAGGC CGAA AAGUACAG 


7444 


58 


UGUACUUU C CUGCUGGU 


45 


ACCAGCAG CUGAUGAG GCCGUUAGGC CGAA AAAGUACA 


7445 


71 


UGGUGGCU C CAGUUCAG 


46 


CUGAACUG CUGAUGAG GCCGUUAGGC CGAA AGCCACCA 


7446 


76 


GCUCCAGU U CA6GAACA 


47 


UGUUCCUG CUGAUGAG GCCGUUAGGC CGAA ACUGGAGC 


7447 


77 


CUCCAGUU C AGQAACAO 


48 


GUGUUGCU CUGAUGAG GCCGUUAGGC CGAA AACUGGAG 


7448 


97 


GCCCUGCU C AGAAUACU 


49 


AGUAUUCa CUGAUGAG GCCGUUAGGC CGAA AGCAGGGC 


7449 


103 


CUCAGAAU A CUGUCUCU 


50 


AGAGACAG CUGAUGAG GCCGUUAGGC CGAA AUUCUGAG 


7450 


108 


AAUACUGU C UCUGCCAU 


51 


AUGGCAGA CUGAUGAG GCCGUUAGGC CGAA ACAGUAUU 


7451 


110 


UACUQUCU C UGCCAUAU 


52 


AUAUGGCA CUGAUGAG GCCGUUAGGC CGAA AGACAGUA 


7452 


117 


UCUGCCAU A UCGUCAAU 


53 


AUUGACGA CUGAUGAG GCCGUUAGGC CGAA AUGGCAGA 


7453 


119 


UGCCAUAU C GUCAAUCU 


54 


AGAUUGAC CUGAUGAG GCCGUUAGGC CGAA AUAUGGCA 


7454 


122 


CAUAUCGU C AAUCUUAU 


55 


AUAAGAUU CUGAUGAG GCCGUUAGGC CGAA ACGAUAUG 


7455 


126 


UCGUCAAU C UUAUCGAA 


56 


UUCGAUAA CUGAUGAG GCCGUUAGGC CGAA AUUGACGA 


7456 


128 


GUCAAUCU U AUCGAAGA 


57 


UCUUCGAU CUGAUGAG GCCGUUAGGC CGAA AGAUUGAC 


7457 


129 


UCAAUCUU A UCGAAGAC 


58 


GUCUUCGA CUGAUGAG GCCGUUAGGC CGAA AAGAUUGA 


7458 


131 


AAUCUUAU C GAAGACUG 


59 


CAGUCUUC CUGAUGAG GCCGUUAGGC CGAA AUAAGAUU 


7459 


150 


GACCCUGU A CCGAACAU 


60 


AUGUUCGG CUGAUGAG GCCGUUAGGC CGAA ACAGGGUC 


7460 


168 


QAGAACAU C GCAUCAGG 


61 


CCUGAUGC CUGAUGAG GCCGUUAGGC CGAA AUGUUGUC 


7461 


173 


CAUCGCAU C AGGACUCC 


62 


GGAGUCCU CUGAUGAG GCCGUUAGGC CGAA AUGCGAUG 


7462 


180 


UCAGGACU C CUAGGACC 


63 


GGUCCUAG CUGAUGAG GCCGUUAGGC CGAA AGUCCUGA 


7463 


183 


GGACUCCU A GGACCCCU 


64 


AGGGGUCC CUGAUGAG GCCGUUAGGC CGAA AGGAGUCC 


7464 


195 


CCCCUGCU C GUGUUACA 


65 


UGUAACAC CUGAUGAG GCCGUUAGGC CGAA AGCAGGGG 


7465 


200 


GCUCGUGU U ACAGGCGG 


66 


CCGCCUGU CUGAUGAG GCCGUUAGGC CGAA ACACGAGC 


7466 


201 


CUCGUGUU A CAGGGGGG 


67 


CCCGGCUG CUGAUGAG GCCGUUAGGC CGAA AACACGAG 


7467 


212 


GQCGGGGU U UUUCUUGU 


68 


ACAAGAAA CUGAUGAG GCCGUUAGGC CGAA ACGCC6CC 


7468 


213 


GCGGGGUU U UUCUUGUU 


69 


AACAAGAA CUGAUGAG GCCGUUAGGC CGAA AACCCCGC 


7469 


214 


CGGGGUUU U UCUUGUUG 


70 


CAACAAGA CUGAUGAG GCCGUUAGGC CGAA AAACCCCG 


7470 


215 


GGGGUUUU U CUUGUUGA 


71 


UCAACAAG CUGAUGAG GCCGUUAGGC CGAA AAAACCCC 


7471 


216 


GGGUUUUU C UUGUUGAC 


72 


GUGAACAA CUGAUGAG GCCGUUAGGC CGAA AAAAACCC 


7472 


218 


GUUUUUCU U GUUGACAA 


73 


UUGUCAAC CUGAUGAG GCCGUUAGGC CGAA AGAAAAAC 


7473 


221 


UUUCUUGU U GACAAAAA 


74 


UUUUUGUC CUGAUGAG GCCGUUAGGC CGAA ACAAGi\AA 


7474 


231 


ACAAAAAU C CUCAGAAU 


75 


AUUGUGAG CUGAUGAG GCCGUUAGGC CGAA AUUUUUGU 


7475 


234 


AAAAUCCU C ACAAUACC 


76 


GGUAUUGU CUGAUGAG GCCGUUAGGC CGAA AGGAUUUU 


7476 


240 


CUCAGAAU A CGACAGAG 


77 


CUCUGUGG CUGAUGAG GCCGUUAGGC CGAA AUUGUGAG 


7477 


250 


CACAGAGU C UAGACUCG 


78 


CGAGUCUA CUGAUGAG GCCGUUAGGC CGAA ACUCUGUG 


7478 


252 


CAGAGUCU A GACUCGUG 


79 


CACGAGUC CUGAUGAG GCCGUUAGGC CGAA AGACUCUG 


7479 
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257 


UCUAGAOJ C GUGGUGGA 


80 


UCCACCAC CUGAUGAG GCCGUUAGGC CGAA AGUCUAGA 


7480 


268 


GGUGGACU U CUCUCAAU 


81 


AUUGAGAG CUGAUGAG GCCGUUAGGC CGAA AGUCCACC 


7481 


269 


GUGGACUU C UCUCAAUU 


82 


AAUUGAGA CUGAUGAG GCCGUUAGGC CGAA AAGUCCAC 


7482 


271 


GGACUUCU C UCAAUUUU 


83 


AAMUUGA CUGAUGAG GCCGUUAGGC CGAA AGAAGUCC 


7483 


273 


ACUUCUCU C AAUUUUCa 


84 


AGAAAAUU CUGAUGAG GCCGUUAGGC CGAA AGAGAAGU 


7484 


277 


CUCUCAAU U UUOJAGGG 


85 


CCCUAGAA CUGAUGAG GCCGUUAGGC CGAA AUUGAGAG 


7485 


278 


UCUCAAUU U UCUAGGGG 


86 


CCCCUAGA CUGAUGAG GCCGUUAGGC CGAA AAUUGAGA 


7486 


279 


CUCAAUUU U CUAGGGGG 


87 


CCCCCUAG CUGAUGAG GCCGUUAGGC CGAA AAAUUGAG 


7487 


280 


UCAAUUUU C UAGGGGGA 


88 


UCCCCCUA CUGAUGAG GCCGUUAGGC CGAA AAAAUUGA 


7488 


282 


AAUUUUCU A GGGGGAAC 


89 


GUUCCCCC CUGAUGAG GCCGUUAGGC CGAA AGAAAAUU 


7489 


301 


CCGUGUGU C UUGGCCAA 


90 


UUGGCCAA CUGAUGAG GCCGUUAGGC CGAA ACACACGG 


7490 


303 


GUGUGUCU U GGCCAAAA 


91 


UUUUGGCC CUGAUGAG GCCGUUAGGC CGAA AGACACAC 


7491 


313 


GCCAAAAU U CGCAGUCC 


92 


GGACUGCG CUGAUGAG GCCGUUAGGC CGAA AUUUUGGC 


7492 


314 


CCAAAAUU C GCAGUCCC 


93 


GGGACUGC CUGAUGAG GCCGUUAGGC CGAA AAUUUUGG 


7493 


320 


UUCGCA6U C CCAAAUCU 


94 


AGAUUUGG CUGAUGAG GCCGUUAGGC CGAA ACUGCGAA 


7494 


327 


UCCCAAAU C UCCAGUCA 


95 


UGACUGGA CUGAUGAG GCCGUUAGGC CGAA AUUUGGGA 


7495 


329 


CCAAAUCU C CAGUCACU 


96 


AGUGACUG CUGAUGAG GCCGUUAGGC CGAA AGAUUUGG 


7496 


334 


UCUCCAGU C ACUCACCA 


97 


UGGUGAGU CUGAUGAG GCCGUUAGGC CGAA ACUGGAGA 


7497 


338 


CAGUCACU C ACCAACCU 


98 


AGGUUGGU CUGAUGAG GCCGUUAGGC CGAA AGUGACUG 


7498 


349 


CAACCUGU U GUCCUCCA 


99 


UGGAGGAC CUGAUGAG GCCGUUAGGC CGAA ACAGGUUG 


7499 


352 


CCUGUUGU C CUCCAAUU 


• 100 


AAUUGGAG CUGAUGAG GCCGUUAGGC CGAA ACAACAGG 


7500 


355 


GUUGUCCU C CAAUUUGU 


101 


ACAAAUUG CUGAUGAG GCCGUUAGGC CGAA AGGACAAC 


7501 


360 


CCUCCAAU U UGUCCUGG 


102 


CCAGGACA CUGAUGAG GCCGUUAGGC CGAA AUUGGAGG 


7502 


361 


CUCCAAUU U GUCCUGGU 


103 


ACCAGGAC CUGAUGAG GCCGUUAGGC CGAA AAUUGGAG 


7503 


364 


CAAUUUGU C CUGGUUAU 


104 


AUAACCAG CUGAUGAG GCCGUUAGGC CGAA ACAAAUUG 


7504 


370 


GUCCUGGU U AUCGCUGG 


105 


CCAGCGAU CUGAUGAG GCCGUUAGGC CGAA ACCAGGAC 


7505 


371 


UCCUGGUU A UCGCUGGA 


106 


UCCAGCGA CUGAUGAG GCCGUUAGGC CGAA AACCAGGA 


7506 


373 


CUGGUUAU C GCUGOAUO 


107 


CAUCCAGC CUGAUGAG GCCGUUAGGC CGAA AUAACCAG 


7507 


385 


GGAUGUGU C UGCGGCGU 


108 


ACGCCGCA CUGAUGAG GCCGUUAGGC CGAA ACACAUCC 


7508 


394 


UGCGGCGU U UUAUCAUC 


109 


GAUGAUAA CUGAUGAG GCCGUUAGGC CGAA ACGCCGCA 


7509 


395 


GCGGCGUU U UAUCAUCU 


110 


AGAUGAUA CUGAUGAG GCCGUUAGGC CQAA AACGCCGC 


7510 


396 


CGGCGUUU U AUCAUCUU 


111 


AAGAUGAU CUGAUGAG GCCGUUAGGC CGAA AAACGCC6 


7511 


397 


GGCGUUUU A UCAUCUUC 


112 


GAAGAUGA CUGAUGAG GCCGUUAGGC CGAA AAAACGCC 


7512 


399 


CGUUUUAU C AUCUUCCU 


113 


AGGAAGAU CUGAUGAG GCCGUUAGGC CGAA AUAAAACG 


7513 


402 


UUUAUCAU C UUCCUCUG 


114 


CAGAGGAA CUGAUGAG GCCGUUAGGC CGAA AUGAUAAA 


7514 


404 


UAUCAUCU U CCUCUGCA 


115 


UGCAGAGG CUGAUGAG GCCGUUAGGC CGAA AGAUGAUA 


7515 


405 


AUCAUCUU C CUCUGCAU 


116 


AUGCAGAG CUGAUGAG GCCGUUAGGC CGAA AAGAUGAU 


7516 


408 


AUCUUCCU C UGCAUCCU 


117 


AGGAUGCA CUGAUGAG GCCGUUAGGC CGAA AGGAAGAU 


7517 


414 


CUCUGCAU C CUGCUGCU 


118 


AGCAGCAG CUGAUGAG GCCGUUAGGC CGAA AUGCAGAG 


7518 


423 


CUGCUGCU A UGCCUCAU 


119 


AUGAGGCA CUGAUGAG GCCGUUAGGC CGAA AGCAGCAG 


7519 


429 


CUAUGCCU C AUCUUCUU 


120 


AAGAAGAU CUGAUGAG GCCGUUAGGC CGAA AGGCAUAG 


7520 


432 


UGCCUCAU C UUCUUGUU 


121 


AACAAGAA CUGAUGAG GCCGUUAGGC CGAA AUGAGGCA 


7521 


434 


CCUCAUCU U CUUGUUGG 


122 


CCAACAAG CUGAUGAG GCCGUUAGGC CGAA AGAUGAGG 


7522 


435 


CUCAUCUU C UUGUUGGU 


123 


ACCAACAA CUGAUGAG GCCGUUAGGC CGAA AAGAUGAG 


7523 


437 


CAUCUUCU U GUUGGUUC 


124 


GAACCAAC CUGAUGAG GCCGUUAGGC CQAA AGAAGAUG 


7524 


440 


CUUCUUGU U GGUUCUUC 


125 


GAAGAACC CUGAUGAG GCCGUUAGGC CGAA ACAAGAAG 


7525 


444 


UUGUUGGU U CUUCUGGA 


126 


UCCAGAAG CUGAUGAG GCCGUUAGGC CGAA ACCAACAA 


7526 


445 


UGUUGGUU C UUCUGGAC 


127 


GUCCAGAA CUGAUGAG GCCGUUAGGC CGAA AACCAACA 


7527 


447 


UUGGUUCU U CUGGACUA 


128 


UAGUCCAG CUGAUGAG GCCGUUAGGC CGAA AGAACCAA 


7528 


448 


UGGUUCUU C UGGACUAU 


129 


AUAGUCCA CUGAUGAG GCCGUUAGGC CGAA AAGAACCA 


7529 


455 


UCUGGACU A UCAAGGUA 


130 


UACCUUGA CUGAUGAG GCCGUUAGGC CGAA AGUCCAGA 


7530 
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457 


UGGACUAU C AAGGUAUG 


131 


CAUACCUU CUGAUGAG 6CCGUUAGGC CGAA AUAGUCCA 


7531 


463 


AUCAAGGU A UGUUGCCC 


132 


GGGCAACA CUGAUGAG GCCGUUAGGC CGAA ACCUUGAU 


7532 


467 


AGGUAUGU U GCCCGUUU 


133 


AAACGGGC CUGAUGAG GCCGUUAGGC CGAA ACAUACCU 


7533 


474 


UUGCCCGU U UGUCCUCU 


134 


AGAGGACA CUGAUGAG GCCGUUAGGC CGAA ACGGGCAA 


7534 


475 


UGCCCGUU U GUCCaCUA 


135 


UAGAGGAC CUGAUGAG GCCGUUAGGC CGAA AACGGGCA 


7535 


478 


CCGUUUGU C CUCaAAUU 


136 


AAUUAGAG CUGAUGAG GCCGUUAGGC CGAA ACAAACGG 


7536 


481 


UUUGUCCU C UAAUUCCA 


137 


UGGAAUUA CUGAUGAG GCCGUUAGGC CGAA AGGACAAA 


7537 


483 


UGUCCUCU A AUUCCAGG 


138 


CCUGGAAU CUGAUGAG GCCGUUAGGC CGAA AGAGGACA 


7538 


486 


CCUCUAAU U CCAGGAUC 


139 


GAUCCUGG CUGAUGAG GCCGUUAGGC CGAA AUUAGAGG 


7539 


487 


CUCUAAUU C CAGGAUCA 


140 


UGAUCCUG CUGAUGAG GCCGUUAGGC CGAA AAUUAGAG 


7540 


494 


UCCAGGAU C AUCAACAA 


141 


UUGUUGAU CUGAUGAG GCCGUUAGGC CGAA AUCCUGGA 


7541 


497 


AGGAUCAU C AACAACCA 


142 


UGGUUGUU CUGAUGAG GCCGUUAGGC CGAA AUGAUCCU 


7542 


535 


6CACAACU C CUGCUCAA 


143 


UUGAGCAG CUGAUGAG GCCGUUAGGC CGAA AGUUGUGC 


7543 


541 


CUCCUGCU C AAGGAACC 


144 


GGUUCCUU CUGAUGAG GCCGUUAGGC CGAA AGCAGGAG 


7544 


551 


AGGAACCU C UAUGUUUC 


145 


GAAACAUA CUGAUGAG GCCGUUAGGC CGAA AGGUUCCU 


7545 


553 


GAACCUCU A UGUUUCCC 


146 


GGGAAACA CUGAUGAG GCCGUUAGGC CGAA AGAGGUUC 


7546 


557 


CUCUAUGU U UCCCUCAU 


147 


AUGAGGGA CUGAUGAG GCCGUUAGGC CGAA ACAUAGAG 


7547 


558 


UCUAUGUU U CCCUCAUG- 


148 


CAUGAGGG CUGAUGAG GCCGUUAGGC CGAA AACAUAGA 


7548 


559 


CUAUGUUU C CCUCAUGU 


149 


ACAU6AGG CUGAUGAG GCCGUUAGGC CGAA AAACAUAG 


7549 


563 


GUUUCCCU C AUGUUGCU 


150 


A6CAACAU CUGAUGAG GCCGUUAGGC CGAA AGGGAAAC 


7550 


568 


CCUCAUGU U GCUGUACA 


151 


UGUACAGC CUGAUGAG GCCGUUAGGC CGAA ACAUGAGG 


7551 


574 


GUUGCUGU A CAAAACCU 


152 


AGGUUUUG CUGAUGAG GCCGUUAGGC CGAA ACAGCAAC 


7552 


583 


CAAAACCU A CGGACGQA 


153 


UCCGUCCG CUGAUGAG GCCGUUAGGC CGAA AGGUUUUG 


7553 


604 


GCACCUGU A UUCCCAUC 


154 


GAUGGGAA CUGAUGAG GCCGUUAGGC CGAA ACAGGUGC 


7554 


606 


ACCUGUAU U CCCAUCCC 


155 


GGGAUGGG CUGAUGAG GCCGUUAGGC CGAA AUACAGGU 


7555 


607 


CCUGUAUU C CCAUCCCA 


156 


UGGGAUGG CUGAUGAG GCCGUUAGGC CGAA AAUACAGG 


7556 


612 


AUUCCCAU C CCAUCAUC 


157 


GAUGAUGG CUGAUGAG GCCGUUAGGC CGAA AUGGGAAU 


7557 


617 


CAUCCCAU C AUCUUGGG 


158 


CCCAAGAU CUGAUGAG GCCGUUAGGC CGAA AUGGGAUG 


7558 


620 


CCCAUCAU C UUGGGCUU 


159 


AAGCCCAA CUGAUGAG GCCGUUAGGC CGAA AUGAUGGG 


7559 


622 


CAUCAUCU U GGGCUUUC 


160 


GAAAGCCC CUGAUGAG GCCGUUAGGC CGAA AGAUGAUG 


7560 


628 


CUUGGGCU U UCGCAAAA 


161 


UUUUGCGA CUGAUGAG GCCGUUAGGC CGAA AGCCCAAG 


7561 


629 


UUGGGCUU U CGCAAAAU 


162 


AUUUUGCG CUGAUGAG GCCGUUAGGC CGAA AAGCCCAA 


7562 


630 


UGGGCUUU C GCAAAAUA 


163 


UAUUUUGC CUGAUGAG GCCGUUAGGC CGAA AAAGCCCA 


7563 


638 


CGCAAAAU A CCUAUGGG 


164 


CCCAUAGG CUGAUGAG GCCGUUAGGC CGAA AUUUUQCG 


7564 


642 


AAAUACCU A UGGGAGUG 


165 


CACUCCCA CUGAUGAG GCCGUUAGGC CGAA AGGUAUUU 


7565 


656 


GUGGGCCU C AGUOCGUU 


166 


AACGGACU CUGAUGAG GCCGUUAGGC CGAA AGGCCCAC 


7566 


660 


GCCUCAGU C CGUUUCUC 


167 


GAGAAACG CUGAUGAG GCCGUUAGGC CGAA ACUGAGGC 


7567 


664 


CAGUCCGU U UCUCUUGG 


168 


CCAAGAGA CUGAUGAG GCCGUUAGGC CGAA ACGGACUG 


7568 


665 


AGUOCGUU U CUCUUGGC 


169 


GCCAAGAG CUGAUGAG GCCGUUAGGC CGAA AACGGACU 


7569 


666 


GUCCGUUU C UCUUGGCU 


170 


AGCCAAGA CUGAUGAG GCCGUUAGGC CGAA AAACGGAC 


7570 


668 


CCGUUUCU C UUGGCUCA 


171 


UGAGCCAA CUGAUGAG GCCGUUAGGC CGAA AGAAACGG 


7571 


670 


GUUUCUCU U 6GCUCAGU 


172 


ACUGAGCC CUGAUGAG GCCGUUAGGC CGAA AGAGAAAC 


7572 


675 


UCUUGGCU C AGUUUACU 


173 


AGUAAACU CUGAUGAG GCCGIAJAGGC CGAA AGCCAAGA 


7573 


679 


GGCUCA6U U UACUAGUG 


174 


CACUAGUA CUGAUGAG GCCGUUAGGC CGAA ACUGAGCC 


7574 


680 


GCUCAGUU U ACUAGUGC 


175 


GCACUAGU CUGAUGAG GCCGUUAGGC CGAA AACUGAGC 


7575 


681 


CUCAGUUU A CUAGUGCC 


176 


GGCACUAG CUGAUGAG GCCGUUAGGC CGAA AAACUGAG 


7576 


684 


AGUUUACU A GUGCCAUU 


177 


AAUGGCAC CUGAUGAG GCCGUUAGGC CGAA AGUAAACU 


7577 


692 


AGUGCCAU U UGUUCAGU 


178 


ACUGAACA CUGAUGAG GCCGUUAGGC CGAA AUGGCACU 


7578 


693 


GUGCCAUU U GUUCAGUG 


179 


CACUGAAC CUGAUGAG GCCGUUAGGC CGAA AAUGGCAC 


7579 


696 


CCAUUUGU U CAGUGGUU 


180 


AACCACUG CUGAUGAG GCCGUUAGGC CGAA ACAAAUGG 


7580 


697 


CAUUUGUU C AGUGGUUC 


181 


GAACCACU CUGAUGAG GCCGUUAGGC CGAA AACAAAUG 


7581 
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704 


UCAGUGGU U CGUAGGGC 


182 


6CCCUACG CUGAUGAG GCCGUUAGGC CGAA ACCACUGA 


7582 


705 


CAGUGGUU C GUAGGGCU 


183 


AGCCCUAC CUGAUGAG GCCGUUAGGC CGAA AACCACUG 


7583 


708 


UGGUUCGU A GGGCUUUC 


184 


GAAAGCCC CUGAUGAG GCCGUUAGGC CGAA ACGAACCA 


7584 


714 


GUAGGGCU U UCCCCCAC 


185 


GUGGGGGA CUGAUGAG GCCGUUAGGC CGAA AGCCCUAC 


7585 


715 


UAGGGCUU U CCCCCACU 


186 


AGUGGGGG CUGAUGAG GCCGUUAGGC CGAA AAGCCCUA 


7586 


716 


AGGGCUUU C CCCCAOJG 


187 


CAGUGGGG CUGAUGAG GCCGUUAGGC CGAA AAAGCCCU 


7587 


726 


CCCACUGU C UGGCUUUC 


186 


GAAAGCCA CUGAUGAG GCCGUUAGGC CGAA ACA6UGGG 


7588 


732 


GUCUGGCU U UCAGUUAU 


189 


AUAACUOA CUGAUGAG GCCGUUAGGC CGAA AGCCAGAC 


7589 


733 


UCUGGCUU U CAGUUAUA 


190 


UAUAACUG CUGAUGAG GCCGUUAGGC CGAA AAGCCAGA 


7590 


734 


CUGGCUUU C AGUUAUAU 


191 


AUAUAACU CUGAUGAG GCCGUUAGGC CGAA AAAGCCAG 


7591 


738 


CUUUCAGU U AUAUGGAU 


192 


AUCCAUAU CUGAUGAG GCCGUUAGGC CGAA ACUGAAAG 


7592 


739 


UUaCAGUU A UAUG6AUG 


193 


CAUCCAUA CUGAUGAG GCCGUUAGGC CGAA AACUGAAA 


7593 


741 


UCAGUUAU A UGGAUGAU 


194 


AUCAUCCA CUGAUGAG GCCGUUAGGC CGAA AUAACUGA 


7594 


7S5 


GAUGUG6U U UUGGGGGC 


195 


GCCCCCAA CUGAUGAG GCCGUUAGGC CGAA ACCACAUC 


7595 


756 


AUGUGGUU U UGGGGGCC 


196 


GGCCCCCA CUGAUGAG GCCGUUAGGC CGAA AACCACAU 


7596 


757 


UGUGGUUU U GGGGGCCA 


197 


UGGCCCCC CUGAUGAG GCCGUUAGGC CGAA AAACCACA 


7597 


769 


GGCCAAGU C UGUACAAC 


198 


GUUGUACA CUGAUGAG GCCGUUAGGC CGAA ACUUGGCC 


7598 


773 


AAGUCUGU A CAACAUCU 


199 


AGAUGUUG CUGAUGAG GCCGUUAGGC CGAA ACAGACUU 


7599 


780 


UACAACAU C UUGAGUCC 


200 


GGACUCAA CUGAUGAG GCCGUUAGGC CGAA AUGUUGUA 


7600 


782 


CAACAUCU U GAGUCCCU 


201 


AGGGACUC CUGAUGAG GCCGUUAGGC CGAA AGAUGUUG 


7601 


787 


UCUUGAGU C CCUUUAUG 


202 


CAUTIRAGG CUGAUGAG GCCGUUAGGC CGAA ACUCAAGA 


7602 


791 


GAGUCCCU U UAUGCCGC 


203 


GCGGCAUA CUGAUGAG GCCGUUAGGC CGAA AGGGACUC 


7603 


792 


AGUCCCUU U AUGCCGCU 


204 


AGCGGCAU CUGAUGAG GCCGUUAGGC CGAA AAGGGACU 


7604 


793 


GUCCCUUU A UGCCGCUG 


205 


CAGCGGCA CUGAUGAG GCCGUUAGGC CGAA AAAGGGAC 


7605 


803 


6CCGCUGU U ACCAAUUU 


206 


AAAUUGGU CUGAUGAG GCCGUUAGGC CGAA ACAGCGGC 


7606 


804 


CC6CUGUU A CCAAUUUU 


207 


AAAAUUGG CUGAUGAG GCCGUUAGGC CGAA AACAGCGG 


7607 


810 


UUACCAAU U UUCUUUUG 


208 


CAAAAGAA CUGAUGAG GCCGUUAGGC CGAA AUUGGUAA 


7608 


811 


UACCAAUU U UCUUUUGU 


209 


ACAAAAGA CUGAUGAG GCCGUUAGGC CGAA AAUUGGUA 


7609 


812 


ACCAAUUU U CUUUUGUC 


210 


GACAAAAG CUGAUGAG GCCGUUAGGC CGAA AAAUUGGU 


7610 


813 


CCAAUUUU C UUUUGUCU 


211 


AGACAAAA CUGAUGAG GCCGUUAGGC CGAA AAAAUUGG 


7611 


815 


AAUUUUCU U UUGUCUUU 


212 


AAAGACAA CUGAUGAG GCCGUUAGGC CGAA AGAAAAUU 


7612 


816 


AUUUUCUU U UGUCUUUG 


213 


CAAAGACA CUGAUGAG GCCGUUAGGC CGAA AAGAAAAU 


7613 


817 


UUUUCUUU U GUCUUUGG 


214 


CCAAAGAC CUGAUGAG GCCGUUAGGC CGAA AAAGAAAA 


7614 


620 


UCUUUUGU C UDUGGGUA 


215 


UACCCAAA CUGAUGAG GCCGUUAGGC CGAA ACAAAAGA 


7615 


822 


UUUUGUCU U UGGGUAUA 


216 


UAUACCCA CUGAUGAG GCCGUUAGGC CGAA AGACAAAA 


7616 


823 


UUUGUCUU U GG6UAUAC 


217 


GUAUACCC CUGAUGAG GCCGUUAGGC CGAA AAGACAAA 


7617 


828 


CUUUGGGU A UACAUUUA 


218 


UAAAUGUA CUGAUGAG GCCGUUAGGC CGAA ACCCAAAG 


7618 


830 


UUGGGUAU A CAUUUAAA 


219 


UUUAAAUG CUGAUGAG GCCGUUAGGC CGAA AUACCCAA 


7619 


834 


GUAUACAU U UAAACCCU 


220 


AGGGUUUA CUGAUGAG GCCGUUAGGC CGAA AUGUAUAC 


7620 


835 


UAUACAUU U AAACCCUC 


221 


GAGGGUUU CUGAUGAG GCCGUUAGGC CGAA AAUGUAUA 


7621 


836 


AUACAUUU A AACCCUCA 


222 


UGAGGGUU CUGAUGAG GCCGUUAGGC CGAA AAAUGUAU 


7622 


843 


UAAACCCU C ACAAAACA 


223 


UGUUUUGU CUGAUGAG GCCGUUAGGC CGAA AGGGUUUA 


7623 


865 


AUGGGGAU A UUCCCUUA 


224 


UAAGGGAA CUGAUGAG GCCGUUAGGC CGAA AUCCCCAU 


7624 


867 


GGGGAUAU U CCCUUAAC 


225 


GUUAAGGG CUGAUGAG GCCGUUAGGC CGAA AUAUCCCC 


7625 


868 


GGGAUAUU C CCUUAACU 


226 


AGUUAAGG CUGAUGAG GCCGUUAGGC CGAA AAUAUCCC 


7626 


872 


UAUUCCCU U AACUUCAU 


227 


AUGAAGUU CUGAUGAG GCCGUUAGGC CGAA AGGGAAUA 


7627 


873 


AUUCCCUU A ACUUCAUG 


228 


CAUGAAGU CUGAUGAG GCCGUUAGGC CGAA AAGGGMU 


7628 


877 


CCUUAACU U CAUGGGAU 


229 


AUCCCAUG CUGAUGAG GCCGUUAGGC CGAA AGUUAAGG 


7629 


878 


CUUAACUU C AUGGGAUA 


230 


UAUCCCAU CUGAUGAG GCCGUUAGGC CGAA AAGUUAAG 


7630 


886 


CAUGGGAU A UGUAAUUG 


231 


CAAUUACA CUGAUGAG GCCGUUAGGC CGAA AUCCCAUG 


7631 


890 


GGAUAUGU A AUUGGGAG 


232 


CUCCCAAU CUGAUGAG GCCGUUAGGC CGAA ACAUAUCC 


7632 
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893 


UAUGOAAU U QGOAGUU6 


233 


CAACUCCC CUGAUGAG GCCGUUAGGC CGAA AUUACAUA 


7633 


900 


UUGGGAGU U GGGGCACA 


234 


UGUGCCCC CUGAUGAG GCCGUUAGGC CGAA ACUCCCAA 


7634 


910 


GGGCACAU U GCCACAGG 


235 


CCUGUGGC CUGAUGAG GCCGUUAGGC CGAA AUGUGCCC 


7635 


924 


AGGAACAU A UUGUACAA 


236 


UUGUACAA CUGAUGAG GCCGUUAGGC CGAA AUGUUCCU 


7636 


926 


GAACAUAU U GUACAAAA 


237 


UUUUGUAC CUGAUGAG GCCGUUAGGC CGAA AUAUGUUC 


7637 


929 


CAUAUUGU A CAAAAAAU 


238 


AUUUUUUG CUGAUGAG GCCGUUAGGC CGAA ACAAUAUG 


7638 


938 


CAAAAAAU C AAAAUGU6 


239 


CACAUUUU CUGAUGAG GCCGUUAGGC CGAA AUUUUUUG 


7639 


948 


AAAUGUGU U UUAGGAAA 


240 


UUUCCUAA CUGAUGAG GCCGUUAGGC CGAA ACACAUUU 


7640 


949 


AAUGUGUU U UAGGAAAC 


241 


GUUUCCUA CUGAUGAG GCCGUUAGGC CGAA AACACAUU 


7641 


950 


AUGUGUUU U AGGAAACU 


242 


AGUUUCCU CUGAUGAG GCCGUUAGGC CGAA AAACACAU 


7642 


9S1 


UGUGUUUU A 6GAAACUU 


243 


AAGUUUCC CUGAUGAG GCCGUUAGGC CGAA AAAACACA 


7643 


959 


AGGAAACU U CCUGUAAA 


244 


UUUACAGG CUGAUGAG GCCGUUAGGC CGAA AGUUUCCU 


7644 


960 


GGAAACUU C CUGUAAAC 


245 


GUUUACAG CUGAUGAG GCCGUUAGGC CGAA AAGUUUCC 


7645 


965 


CUUCCUGU A AACAGGCC 


246 


GGCCUGUU CUGAUGAG GCCGUUAGGC CGAA ACAGGAAG 


7646 


975 


ACAGGCCU A UUGAUUGG 


247 


CCAAUCAA CUGAUGAG GCCGUUAGGC CGAA AGGCCUGU 


7647 


977 


AGGCCUAU U GAUUGGAA 


248 


UUCCAAUC CUGAUGAG GCCGUUAGGC CGAA AUAGGCCU 


7648 


981 


CUAUUGAU U GGAAAGUA 


249 


UACUUUCC CUGAUGAG GCCGUUAGGC CGAA AUCAAUAG 


7649 


989 


UGGAAAGU A UGUCAACG 


250 


CGUUGACA CUGAUGAG GCCGUUAGGC CGAA ACUUUCCA 


7650 


993 


AAGUACJGU C AACGAAUU 


251 


AAUUCGUU CUGAUGAG GCCGUUAGGC CGAA ACAUACUU 


7651 


1001 


CAACGAAU U GUGGGUCU 


252 


AGACCCAC CUGAUGAG GCCGUUAGGC CGAA AUUCGUUG 


7652 


1008 


UUGUGGGU C UUUUGGGG 


253 


CCCCAAAA CUGAUGAG GCCGUUAGGC CGAA ACCCACAA 


7653 


1010 


GUGGGUCU U UUGGGGUU 


254 


AACCCCAA CUGAUGAG GCCGUUAGGC CGAA AGACCCAC 


7654 


1011 


UGGGUCUU U UGGGGUUU 


255 


AAACCCCA CUGAUGAG GCCGUUAGGC CGAA AAGACCCA 


7655 


1012 


GGGUCUUU U GGGGUUUG 


256 


CAAACCCC CUGAUGAG GCCGUUAGGC CGAA AAAGACCC 


7656 


1018 


UUUGGGGU U UGCCGCCC 


257 


GGGCGGCA CUGAUGAG GCCGUUAGGC CGAA ACCCCAAA 


7657 


1019 


UUGGGGUU U GCCGCCCC 


258 


GGGGOGGC CUGAUGAG GCCGUUAGGC CGAA AACCCCAA 


7658 


1029 


CCGCCCCU U UCACGCAA 


259 


UUGCGUGA CUGAUGAG GCCGUUAGGC CGAA AGGGGCGG 


7659 


1030 


CGCCCCUU U CACGCAAU 


260 


AUUGCGUG CUQAUQAQ GCCGUUAGGC CGAA AA6GGGCG 


7660 


1031 


GCCCCUUU C ACGCAAUG 


261 


CAUUGCGU CUGAUGAG GCCGUUAGGC CGAA AAAGGGGC 


7661 


1045 


AUGUGGAU A UUCUGCUU 


262 


AAGCAGAA CUGAUGAG GCCGUUAGGC CGAA AUCCACAU 


7662 


1047 


GUGGAUAU U CUGCUUUA 


263 


UAAAGCAG CUGAUGAG GCCGUUAGGC CGAA AUAUCCAC 


7663 


1048 


UGGAUAUU C UGCUUUAA 


264 


UUAAAGCA CUGAUGAG GCCGUUAGGC CGAA AAUAUCCA 


7664 


1053 


AUUCUGCU U UAAUGCCU 


265 


AGGCAUUA CUGAUGAG GCCGUUAGGC CGAA AGCAGAAU 


7665 


1054 


UUCUGCUU U AAUGCCUU 


266 


AAGGCAUU CUGAUGAG GCCGUUAGGC CGAA AAGCAGAA 


7666 


1055 


UCUGCUUU A AUGCCUUU 


267 


AAAGGCAU CUGAUGAG GCCGUUAGGC CGAA AAAGCAGA 


7667 


1062 


UAAUGCCU U UAUAUGCA 


268 


UGCAUAUA CUGAUGAG GCCGUUAGGC CGAA AGGCAUUA 


7668 


1063 


AAUGCCUU U AUAUGCAU 


269 


AUGCAUAU CUGAUGAG GCCGUUAGGC CGAA AAGGCAUU 


7669 


1064 


AUGCCUUU A UAUGCAUG 


270 


CAUGCAUA CUGAUGAG GCCGUUAGGC CGAA AAAGGCAU 


7670 


1066 


GCCUUUAU A UGCAUGCA 


271 


UGCAUGCA CUGAUGAG GCCGUUAGGC CGAA AUAAAGGC 


7671 


1076 


GCAUGCAU A CAAGCAAA 


272 


UUUGCUUG CUGAUGAG GCCGUUAGGC CGAA AUGCAUGC 


7672 


1092 


AACAGGCU U UUACUUVC 


273 


GAAAGUAA CUGAUGAG GCCGUUAGGC CGAA AGCCUGUU 


7673 


1093 


ACAGGCUU U UACUUaCU 


274 


AGAAAGUA CUGAUGAG GCCGUUAGGC CGAA AAGCCUGU 


7674 


1094 


CAGGCUUU U ACUUUCUC 


275 


GAGAAAGU CUGAUGAG GCCGUUAGGC CGAA AAAGCCUG 


7675 


1095 


AGGCUUUU A CUUUCUCG 


276 


C6AGAAAG CUGAUGAG GCCGUUAGGC CGAA AAAAGCCU 


7676 


1098 


CUUUUACU U UCUCGCCA 


277 


UGGCGAGA CUGAUGAG GCCGUUAGGC CGAA AGUAAAAG 


7677 


1099 


UUUUACUU U CUCGCCAA 


278 


UUGGCGAG CUGAUGAG GCCGXKIAGGC CGAA AAGUAAAA 


7678 


1100 


UUUACUUU C UCGCCAAC 


279 


GUUGGCGA CUGAUGAG GCCGUUAGGC CGAA AAAGUAAA 


7679 


1102 


UACUUUCU C GCCAACUU 


280 


AAGUUGGC CUGAUGAG GCCGUUAGGC CGAA AGAAAGUA 


7680 


1110 


CGCCAACU U ACAAGGCC 


281 


GGCCUUGU CUGAUGAG GCCGXJUAGGC CGAA AGUUGGCG 


7681 


1111 


GCCAACUU A CAAGGCCU 


282 


AGGCCUUG CUGAUGAG GCCGUUAGGC CGAA AAGUUGGC 


7682 


1120 


CAAGGCCU U UCUAAGUA 


263 


UACUUAGA CUGAUGAG GCCGUUAGGC CGAA AGGCCUUG 


7683 
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1121 


AAGGCCfUU U CUAAGUAA 


284 


UUACUUAG CUGAUGAG GCCGUUAGGC CGAA AAGGCCUU 


7684 


1122 


AGGCOJUU C UAAGUAAA 


285 


UUUACUUA CUGAUGAG GCCGUUAGGC CGAA AAAGGCCU 


7685 


1124 


GCCUUUCU A AGUAAACA 


286 


UGUUUACU CUGAUGAG GCCGUUAGGC CGAA AGAAAGGC 


7686 


1128 


UUCOAAGQ A AACAGUAU 


287 


AUACUGtlU CUGAUGAG GCCGUUAGGC CGAA ACUUAGAA 


7687 


1135 


UAAACAGU A UGUGAACC 


288 


GGUUCACA CUGAUGAG GCCGUUAGGC CGAA ACUGUUUA 


7688 


1145 


GUGAACCU U UACCCCGU 


289 


ACGGGGUA CUGAUGAG GCCGUUAGGC CGAA AGGUUCAC 


7689 


1146 


UGAACCUU U ACCCCGUU 


290 


AAC6GGGU CUGAUGAG GCCGUUAGGC CGAA AAGGUUCA 


7690 


1147 


GAACCUUU A CCCCGUUG 


291 


CAACGGGG CUGAUGAG GCCGUUAGGC CGAA AAA66UUC 


7691 


1154 


UACCCCX5U U GCUCGGCA 


292 


UGCCGAGC CUGAUGAG GCCGUUAGGC CGAA ACGGGGUA 


7692 


1158 


CCGUUGCU C GGCAACGG 


293 


CCGUUGCC CUGAUGAG GCCGUUAGGC CGAA AGCAACGG 


7693 


1173 


GGCCUGGU C UAUGCCAA 


294 


UUGGCAUA CUGAUGAG GCCGUUAGGC CGAA ACCAGGCC 


7694 


1175 


CCUGGUCU A UGCCAAGU 


295 


ACUUGGCA CUGAUGAG GCCGUUAGGC CGAA AGACCAGG 


7695 


1186 


CCAAGUGU U UGCUGACG 


296 


CGUCAGCA CUGAUGAG GCCGUUAGGC CGAA ACACUUGG 


7696 


1187 


CAAGUGUU U GCUGACGC 


297 


GCGUCAGC CUGAUGAG GCCGUUAGGC CGAA AACACUUG 


7697 


1209 


CCACUGGU U GGGGOJUG 


296 


CAAGCCCC CUGAUGAG GCCGUUAGGC CGAA ACCAGUGG 


7698 


1216 


UUGGGGCU U GGCCAUAG 


299 


CUAUGGCC CUGAUGAG GCCGUUAGGC CGAA AGCCCCAA 


7699 


1223 


XKJGGCCAU A GGCCAUCA 


300 


UGAUGGCC CUGAUGAG GCCGUUAGGC CGAA AUGGCCAA 


7700 


1230 


UAGGCCAU C AGCGCAUG 


301 


CAUGCGCU CUGAUGAG GCCGUUAGGC CGAA AUGGCCUA 


7701 


1249 


UGGAACCU U UGUGUCUC 


302 


GAGACACA CUGAUGAG GCCGUUAGGC CGAA AGGUUCCA 


7702 


1250 


GGAACCUU U GUGUCUCC 


303 


GGAGACAC CUGAUGAG GCCGUUAGGC CGAA AAGGUUCC 


7703 


1255 


CUUUGUGU C UCCUCUGC 


304 


GCAQAGGA CUGAUGAG GCCGUUAGGC CGAA ACACAAAG 


7704 


1257 


UUGUGUCU C CUCUGCCX3 


305 


CGGCAGAG CUGAUGAG GCCGUUAGGC CGAA AGACACAA 


7705 


1260 


UGUCUCCU C UGCCX5AUC 


306 


GAUCGQCA CUGAUGAG GCCGUUAGGC CGAA AGGAGACA 


7706 


1268 


CUGCCGAU C CAUACCGC 


307 


GCGGUAUG CUGAUGAG GCCGUUAGGC CGAA AUCGGCAG 


7707 


1272 


CX3AUCCAU A CCGCGGAA 


308 


UUCCGCGG CUGAUGAG GCCGUUAGGC CGAA AUGGAUCG 


7708 


1283 


GCGGAACU C CUAGCCGC 


309 


GCGGCUAG CUGAUGAG GCCGUUAGGC CGAA AGUUCCGC 


7709 


1286 


GAACUCCU A GCCGCUUG 


310 


CAAGCGGC CUGAUGAG GCCGUUAGGC CGAA A6GAGUUC 


7710 


1293 


UAGCCGCU U GUUUUGCU 


311 


AQCAAAAC CUGAUGAG GCCGUUAGGC CGAA AGCGGCUA 


7711 


1296 


CCGCUUGU U UUGCUCGC 


312 


GCGAGCAA CUGAUGAG GCCGUUAGGC CGAA ACAAGCGG 


7712 


1297 


CGCUUGUU U UGCUCGCA 


313 


UGCGAGCA CUGAUGAG GCCGUUAGGC CGAA AACAAGCG 


7713 


1298 


GCUUGUUU U GCUCX5CAG 


314 


CUGCGAGC CUGAUGAG GCCGUUAGGC CGAA AAACAAGC 


7714 


1302 


GUUUUGCU C GCAGCAGG 


315 


CCUGCUGC CUGAUGAG GCCGUUAGGC CGAA AGCAAAAC 


7715 


1312 


CAGCAGGU C UGGGGCAA 


316 


UUGCCCCA CUGAUGAG GCCGUUAGGC CGAA ACCUGCUG 


7716 


1325 


GCAAAACU C AUCGGGAC 


317 


GUCCCGAU CUGAUGAG GCCGUUAGGC CGAA A6UUUUGC 


7717 


1328 


AAACUCAU C GGGACUGA 


3X8 


UCAGUCCC CUGAUGAG GCCGUUAGGC CGAA AUGAGUUU 


7718 


1341 


CUGACAAU U CUGQCGUG 


319 


CACQACAG CUGAUGAG GCCGUUAGGC CGAA AUUGUCAG 


7719 


1342 


UGACAAUU C UGUCGUGC 


320 


GCACGACA CUGAUGAG GCCGUUAGGC CGAA AAUUGUCA 


7720 


1346 


AAUUOJGU C GUGCVCUC 


321 


GAGAGCAC CUGAUGAG GCCGUUAGGC CGAA ACAGAAUU 


7721 


1352 


GUC3GUGCa C UCCCGCAA 


322 


UUGCGGGA CUGAUGAG GCCGUUAGGC CGAA A6CACGAC 


7722 


1354 


CGUGCUCU C CCGCAAAU 


323 


AUUUGCGG CUGAUGAG GCCGUUAGGC CGAA AGAGCACG 


7723 


1363 


CCX5CAAAU A UACAUCAU 


324 


AUGAUGUA CUGAUGAG GCCGUUAGGC CGAA AUUUGCGG 


7724 


1365 


GCAAAUAU A CAUCAUUU 


325 


AAAUGAUQ CUGAUGAG GCCGUUAGGC CGAA AUAUUUGC 


7725 


1369 


AUAUACAU C AUUUCCAU 


326 


AUGQAAAU CUGAUGAG GCCGUUAGGC CGAA AUGUAUAU 


7726 


1372 


UACAUCAU U UCCAUGGC 


327 


GCCAUGGA CUGAUGAG GCCGUUAGGC CGAA AUGAUGUA 


7727 


1373 


ACAUCAUU U CCAUGGCU 


328 


AGCCAUGG CUGAUGAG GCCGUUAGGC CGAA AAUGAUGU 


7728 


1374 


CAUCAUUU C CAUGGCUG 


329 


CAGCCAUG CUGAUGAG GCCGUUAGGC CGAA AAAUGAUG 


7729 


1385 


UGGCUGCU A GGCUGUGC 


330 


GCACAGCC CUGAUGAG GCCGUUAGGC CGAA AGCAGCCA 


7730 


1406 


AACUGGAU C CUACGCGG 


331 


CCGCGUAG CUGAUGAG GCCGUUAGGC CGAA AUCCAGUU 


7731 


1409 


UGQAUCCU A CGCGGGAC 


332 


GUCCCGCG CUGAUGAG GCCGUUAGGC CGAA AGGAUCCA 


7732 


1420 


CGGGACGU C CUUUGUUU 


333 


AAACAAAG CUGAUGAG GCCGUUAGGC CGAA ACGUCCCG 


7733 


1423 


GACGUCCU U UGUUUACG 


334 


CGUAAACA CUGAUGAG GCCGUUAGGC CGAA AGGACGUC 


7734 
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1424 


ACGUCCUU U GUUaACGU 


335 


ACGUAAAC CUGAUGAG GCCGUUAGGC CGAA AAGGACGU 


7735 


1427 


UCCUUUGU U UACGUCCC 


336 


GGGACGUA CUGAUGAG GCCGUUAGGC CGAA ACAAAGGA 


7736 


1428 


CCUUUGUU U ACGUCCCG 


337 


CGGGACGU CUGAUGAG GCCGUUAGGC CGAA AACAAAGG 


7737 


1429 


CUUUGUUU A CGUCCCGU 


338 


ACGGGACG CUGAUGAG GCCGUUAGGC CGAA AAACAAAG 


7738 


1433 


GUUUACGU C CCGUCGGC 


339 


GCCGACGG CUGAUGAG GCCGUUAGGC CGAA ACGUAAAC 


7739 


1438 


CGUCCCGU C GGCGCUGA 


340 


UCAGCGCC CUGAUGAG GCCGUUAGGC CGAA ACGGGACG 


7740 


1449 


CGCUGAAU C CCGCGGAC 


341 


GUCCGCGG CUGAUGAG GCCGUUAGGC CGAA AUUCAGC6 


7741 


1465 


CGACCCCU C CCGGGGCC 


342 


GGCCCCGG CUGAUGAG GCCGUUAGGC CGAA AGGG6UCG 


7742 


1477 


GGGCCGCU U GGGGCUCU 


343 


AGAGCCCC CUGAUGAG GCCGUUAGGC CGAA AGCGGCCC 


7743 


1484 


UUGGGGCU C UACCGCCC 


344 


GGGCGGUA CUGAUGAG GCCGUUAGGC CGAA AGCCCCAA 


7744 


1486 


GGGGCUCU A CCGCCCGC 


345 


GCGGGCGG CUGAUGAG GCCGUUAGGC CGAA AGAGCCCC 


7745 


1496 


CGCCCGCU U CUCCGCCU 


346 


AG6CGGAG CUGAUGAG GCCGUUAGGC CGAA AGCGGGCG 


7746 


1497 


GCCCGCUU C UCCGCCUA 


347 


UAGGCGGA CUGAUGAG GCCGUUAGGC CGAA AAGCGGGC 


7747 


1499 


CCGCUUCU C CGCCUAUU 


348 


AAUAGGCG CUGAUGAG GCCGUUAGGC CGAA AGAAGCGG 


7748 


1505 


CUCCGCCU A UUGUACCG 


349 


CGGUACAA CUGAUGAG GCCGUUAGGC CGAA AGGCGGAG 


7749 


1507 


CCGCCUAU U GUACCGAC 


350 


6UCGGUAC CUGAUGAG GCCGUUAGGC CGAA AUAGGCGG 


7750 


1510 


CCUAUUQU A CCGACCGU 


351 


ACGGUCGG CUGAUGAG GCCGUUAGGC CGAA ACAAUAGG 


7751 


1519 


CCGACCGU C CACGGGGC 


352 


GCCCCGUG CUGAUGAG GCCGUUAGGC CGAA ACGGUCGG 


7752 


1534 


GCGCACCU C UCUUUACG 


353 


CGUAAAGA CUGAUGAG GCCGUUAGGC CGAA AGGUGCGC 


7753 


1536 


GCACCUCU C UUUACGCG 


354 


CGCGUAAA CUGAUGAG GCCGUUAGGC CGAA AGAGGUGC 


7754 


1538 


ACCUCUCU U UACGCGGA 


355 


UCCGCGUA CUGAUGAG GCCGUUAGGC CGAA AGAGAGGU 


7755 


1539 


CCUCUCUU U ACGCGGAC 


356 


GUCCGCGU CUGAUGAG GCCGUUAGGC CGAA AAGAGAGG 


7756 


1540 


CUCUCUUU A CGCGGACU 


357 


AGUCCGCG CUGAUGAG GCCGUUAGGC CGAA AAAGAGAG 


7757 


1549 


CGCGGACU C CCCGUCUG 


358 


CAGACGGG CUGAUGAG GCCGUUAGGC CGAA AGUCCGCG 


7758 


1555 


CUCCCCGU C UGUGCCUU 


359 


AAGGCACA CUGAUGAG GCCGUUAGGC CGAA ACGGGGAG 


7759 


1563 


CUGUGCCU U CUCAUCUG 


360 


CAGAUGAG CUGAUGAG GCCGUUAGGC CGAA AGGCACAG 


7760 


1564 


UGUGCCUU C UCAUCUGC 


361 


GCAGAUGA CUGAUGAG GCCGUUAGGC CGAA AAGGCACA 


7761 


1566 


UGCCUUCU C AUCUGCCG 


362 


CGGCAGAU CUGAUGAG GCCGUUAGGC CGAA AGAAGGCA 


7762 


1569 


CUUCUCAU C UGCCGGAC 


363 


GUCCGGCA CUGAUGAG GCCGUUAGGC CGAA AUGAGAAG 


7763 


1588 


UGUGCACU U CGCUUCAC 


364 


GUGAAGCG CUGAUGAG GCCGUUAGGC CGAA AGUGCACA 


7764 


1589 


GUGCACUU C GCUUCACC 


365 


GGUGAAGC CUGAUGAG GCCGUUAGGC CGAA AAGUGCAC 


7765 


1593 


ACUUCGCU U CACCUCUG 


366 


CAGAGGUG CUGAUGAG GCCGUUAGGC CGAA AGCGAAGU 


7766 


1594 


CUUCGCUU C ACCUCUGC 


367 


GCAGAGGU CUGAUGAG GCCGUUAGGC CGAA AAGCGAAG 


7767 


1599 


CUUCACCU C UGCACGUC 


368 


GACGUGCA CUGAUGAG GCCGUUAGGC CGAA AGGUGAAG 


7768 


1607 


CUGCACGU C GCAUGGAG 


369 


CUCCAUGC CUGAUGAG GCCGUUAGGC CGAA ACGUGCAG 


7769 


1651 


CCCAAGGU C XJUGCAUAA 


370 


UUAUGCAA CUGAtK5AG GCCGUUAGGC CGAA ACCUUGGG 


7770 


1653 


CAAGGUCU U GCAUAAGA 


371 


UCUUAUGC CUGAUGAG GCCGUUAGGC CGAA AGACCUUG 


7771 


1658 


UCUUGCAU A AGAGGACU 


372 


AGUCCUCU CUGAUGAG GCCGUUAGGC CGAA AUGCAAGA 


7772 


1667 


AGAGGACU C UUGGACUU 


373 


AAGUCCAA CUGAUGAG GCCGUUAGGC CGAA AGUCCUCU 


7773 


1669 


AGGACUCU U GGACUUUC 


374 


GAAAGUCC CUGAUGAG GCCGUUAGGC CGAA AGAGUCCU 


7774 


1675 


CUUGGACU U UCAGCAAU 


375 


AUUGCUGA CUGAUGAG GCCGUUAGGC CGAA AGUCCAAG 


7775 


1676 


UUGGACUU U CAGCAAUG 


376 


CAUUGCUG CUGAUGAG GCCGUUAGGC CGAA AAGUCCAA 


7776 


1677 


UGGACUUU C AGCAAU6U 


377 


ACAUUGCU CUGAUGAG GCCGUUAGGC CGAA AAAQUCCA 


7777 


1686 


AGCT^UGU C AACGACCG 


378 


CGGUCGUU CUGAUGAG GCCGUUAGGC CGAA ACAUUGCU 


7778 


1699 


ACCGACCU U GAGGCAUA 


379 


UAUGCCUC CUGAUGAG GCCGUUAGGC CGAA AGGUCGGU 


7779 


1707 


UGAGGCAU A CUUCAAAG 


380 


CUUUGAAG CUGAUGAG GCCGUUAGGC CGAA AUGCCUCA 


7780 


1710 


GGCAUACU U CAAAGACU 


381 


AGUCUUUG CUGAUGAG GCCGUUAGGC CGAA AGUAUGCC 


7781 


1711 


GCAUACUU C AAAGACUG 


382 


CAGUCUUU CUGAUGAG GCCGUUAGGC CGAA AAGUAUGC 


7782 


1725 


CUGUGUGU U UAAUGAGU 


383 


ACUCAUUA CUGAUGAG GCCGUUAGGC CGAA ACACACAG 


7783 


1726 


UGUGUGUU U AAUGAGUG 


384 


CACUCAUU CUGAUGAG GCCGUUAGGC 06AA AACACACA 


7784 


1727 


6U6UGUUU A AUGA6U66 


385 


CCACUCAU CUGAUGAG GCCGUUAGGC CGAA AAACACAC 


7785 
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1743 


GQAGQAGa V QQQQQAQG 


386 


CCUCCCCC CUGAUGAG GCCGUUAGGC CGAA ACUCCUCC 


7786 


1756 


GAGGAGGU U AGGUUAAA 


387 


UUUAACCU CUGAUGAG GCCGUUAGGC CGAA ACCUCCUC 


7787 


1757 


AGGAGGUU A GGUUAAAG 


388 


CUUUAACC CUGAUGAG GCCGUUAGGC CGAA AACCUCCU 


7788 


1761 


GGUUAGGU U AAA6GUCU 


389 


AGACCUUU CUGAUGAG GCCGUUAGGC CGAA ACCUAACC 


7789 


1762 


GUUAGGUU A AAGGUCUU 


390 


AAGACCUU CUGAUGAG GCCGUUAGGC CGAA AACCUAAC 


7790 


1768 


UUAAAGGU C UUU6UACU 


391 


AGUAC;^ CUGAUGAG GCCGUUAGGC CGAA ACCUUUAA 


7791 


1770 


AAAGGUCU U UGUACUAG 


392 


CUA6UACA CUGAUGAG GCCGUUAGGC CGAA AGACCUUU 


7792 


1771 


AAGGUCUU U GUACUAGG 


393 


CCUAGUAC CUGAUGAG GCCGUUAGGC CGAA AAGACCUU 


7793 


1774 


GUCUUUGU A CUAGGAGG 


394 


CCUCCUAG CUGAUGAG GCCGUUAGGC CGAA ACAAAGAC 


7794 


1777 


UUUGUACU A GGAGGCUG 


395 


CAGCCUCC CUGAUGAG GCCGUUAGGC CGAA AGUACAAA 


7795 


1787 


GAGGCUGU A GGCAUAAA 


396 


UUUAUGCC CUGAUGAG GCCGUUAGGC CGAA ACAGCCUC 


7796 


1793 


GUAGGCAU A AAUUGGU6 


397 


CACCAAUU CUGAUGAG GCCGUUAGGC CGAA AUGCCUAC 


7797 


1797 


GCAUAAAU U GGUGUGUU 


398 


AACACACC CUGAUGAG GCCGUUAGGC CGAA AUUUAUGC 


7798 


1805 


UGGUGUGU U CACCAGCA 


399 


UGCUGGUG CUGAUGAG GCCGUUAGGC CGAA ACACACCA 


7799 


1806 


GGUGUGUU C ACCAGCAC 


400 


GUGCUGGU CUGAUGAG GCCGUUAGGC CGAA AACACACC 


7800 


1824 


AUGCAACU U UUUCACCU 


401 


AGGUGAAA CUGAUGAG GCCGUUAGGC CGAA AGUUGCAU 


7801 


1825 


UGCAACUU U UUCACCUC 


402 


GAGGUGAA CUGAUGAG GCCGUUAGGC CGAA AAGUUGCA 


7802 


1826 


GCAACUUU U UCACCUCU 


403 


AGAGGUGA CUGAUGAG GCCGUUAGGC CGAA AAA6UUGC 


7803 


1827 


CAACUUUU U CACCUCUG 


404 


CAGAGGU6 CUGAUGAG GCCGUUAGGC CGAA AAAAGUU6 


7804 


1828 


AACUUUUU C ACCUCUGC 


405 


GCAGAGGU CUGAUGAG GCCGUUAGGC CGAA AAAAAGUU 


7805 


1833 


UUUCACCU C UGCCUAAU 


406 


AUUAGGCA CUGAUGAG GCCGUUAGGC CGAA AGGUGAAA 


7806 


1839 


CUCUGCCU A AUCAUCUC 


407 


GAGAUGAU CUGAUGAG GCCGUUAGGC CGAA AGGCAGAG 


7807 


1842 


UGCCUAAU C AUCUCAUG 


408 


CAUGAGAU CUGAUGAG GCCGUUAGGC CGAA AUUAGGCA 


7808 


1845 


CUAAUCAU C UCAUGUUC 


409 


GAACAUGA CUGAUGAG GCCGUUAGGC CGAA AUGAUUAG 


7809 


1847 


AAUCAUCU C AUGUUCAU 


410 


AUGAACAU CUGAUGAG GCCGUUAGGC CGAA AGAUGAUU 


7810 


1852 


UCUCAUGU U CAUGUCCU 


411 


A6GACAUG CUGAUGAG GCCGUUAGGC CGAA ACAUGAGA 


7811 


1853 


CUCAUGUU C AUGUCCUA 


412 


UAGGACAU CUGAUGAG GCCGUUAGGC CGAA AACAUGAG 


7812 


1858 


GUUCAUGU C CUACUGUU 


413 


AACAGUAG CUGAUGAG GCCGUUAGGC CGAA ACAUGAAC 


7813 


1861 


CAUGUCCU A CUGUUCAA 


414 


UUGAACAG CUGAUGAG GCCGUUAGGC CGAA AGGACAUG 


7814 


1866 


CCUACU6U U CAAGCCUC 


415 


GAGGCUUG CUGAUGAG GCCGUUAGGC CGAA ACAGUAGG 


7815 


1867 


CUACUGUU C AAGCCUCC 


416 


GGAGGCUU CUGAUGAG GCCGUUAGGC CGAA AACAGUAG 


7816 


1874 


UCAAGCCU C CAAGCUGU 


417 


ACAGCUUG CUGAUGAG GCCGUUAGGC CGAA AGGCUUGA 


7817 


1887 


CUGUGCCU U 6GGUGGCU 


418 


AGCCACCC CUGAUGAG GCCGUUAGGC CGAA AGGCAGAG 


7818 


1B96 


GGGUGGCU U UG6G6GAU 


419 


AUGCCCCA CUGAUGAG GCCGUUAGGC CGAA AGCCACCC 


7819 


1897 


GGUGGCUU U GGGGCAUG 


420 


CAUGCCCC CUGAUGAG GCCGUUAGGC CGAA AAGCCACC 


7820 


1911 


AUGGACAU U GACCCGUA 


421 


UACGGGUC CUGAUGAG GCCGUUAGGC CGAA AUGUCCAU 


7821 


1919 


UGACCCGU A UAAAGAAU 


422 


AUUCUUUA CUGAUGAG GCCGUUAGGC CGAA ACGGGUCA 


7822 


1921 


ACCCGUAU A AAGAAUUU 


423 


AAAUUCUU CUGAUGAG GCCGUUAGGC CGAA AUACGGGU 


7823 


1928 


UAAAGAAU U UGGA6CUU 


424 


AAGCUCCA CUGAUGAG GCCGUUAGGC CGAA AUUCUUUA 


7824 


1929 


AAAGAAUU U GGAGCUUC 


425 


GAAGCUCC CUGAUGAG GCCGUUAGGC CGAA AAUUCUUU 


7825 


1936 


UUGGAGCU U CUGUGGAG 


426 


CUCCACAG CUGAUGAG GCCGUUAGGC CGAA AGCUCCAA 


7826 


1937 


UGGAGCUU C UGUGGAGU 


427 


ACUCCACA CUGAUGAG GCCGUUAGGC CGAA AAGCUCCA 


7827 


1946 


UGUGQAGU U ACUCUCUU 


428 


AAGAGAGU CUGAUGAG GCCGUUAGGC CGAA ACUCCACA 


7828 


1947 


QUGGAGUU A CUCUCUUU 


429 


AAAGAGAG CUGAUGAG GCCGUUAGGC CGAA AACUCCAC 


7829 


1950 


GAGUUACU C UCUUUUUU 


430 


AAAAAAGA CUGAUGAG GCCGUUAGGC CGAA AGUAACUC 


7830 


1952 


GUUACaCU C UUUUUUGC 


431 


GCAAAAAA CUGAUGAG GCCGUUAGGC CGAA AGAGUAAC 


7831 


1954 


UACUCaCU U UUUUGCCU 


432 


AGGCAAAA CUGAUGAG GCCGUUAGGC CGAA AGAGAGUA 


7832 


1955 


ACUCUCUU U UUUGCCUU 


433 


AAGGCAAA CUGAUGAG GCCGUUAGGC CGAA AAGAGAGU 


7833 


1956 


CUCUCUUU U UUGCCUUC 


434 


GAAGGCAA CUGAUGAG GCCGUUAGGC CGAA AAAGAGAG 


7834 


1957 


UCUCUUUU U UGCCUUCU 


435 


AGAAGGCA CUGAUGAG GCCGUUAGGC CGAA AAAAGAGA 


7835 


1958 


CUCUUUUU U GCCUUCUG 


436 


CAGAAGGC CUGAUGAG GCCGUUAGGC CGAA AAAAAGAG 


7836 
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1963 


UUUUGCCU U CUGACUUC 


437 


GAAGUCAG CUGAUGAG GCCGUUAGGC CGAA AGGCAAAA 


7837 


1964 


UUQGCCUU C UC5ACUUCU 


438 


AGAAGUCA CUGAUGAG GCCGUUAGGC CGAA AAGGCAAA 


7838 


1970 


UUCUGACU U CUUUCCUU 


439 


AAGGAAAG CUGAUGAG GCCGUUAGGC CGAA AGUCAGAA 


7839 


1971 


UCUGACUU C UUUCCUUC 


440 


GAAGGAAA CUGAUGAG GCCGUUAGGC CGAA AAGUCAGA 


7840 


1973 


UGACUUCU U UCCUUCUA 


441 


UAGAAGGA CUGAUGAG GCCGUUAGGC CGAA AGAAGUCA 


7841 


1974 


GACUUCUU U CCUUCUAU 


442 


AUAGAAGG CUGAUGAG GCCGUUAGGC CGAA AAGAAGUC 


7842 


1975 


ACUUCUUU C CUUCUAXJU 


443 


AAUAGAAG CUGAUGAG GCCGUUAGGC CGAA AAAGAAGU 


7843 


1978 


UCUUUCCU U CUAUUCX3A 


444 


UCGAAUAG CUGAUGAG GCCGUUAGGC CGAA AGGAAAGA 


7844 


1979 


CUUUCCUU C UAUUCGAG 


445 


CUCGAAUA CUGAUGAG GCCGUUAGGC CGAA AAGGAAAG 


7845 


1981 


UUCCUUCU A UUCGAGAU 


446 


AUCUCGAA CUGAUGAG GCCGUUAGGC CGAA AGAAGGAA 


7846 


1983 


CCUUCUAU U CGAGAUCU 


447 


AGAUCUCG CUGAUGAG GCCGUUAGGC CGAA AUAGAAGG 


7847 


1984 


CUUCUAUU C GAGAUCUC 


448 


GAGAUCUC CUGAUGAG GCCGUUAGGC CGAA AAUAGAAG 


7848 


1990 


UUCGAGAU C UCCUCGAC 


449 


GUCGAGGA CUGAUGAG GCCGUUAGGC CGAA AUCUCGAA 


7849 


1992 


CGAGAUCU C CUCGACAC 


450 


GUGUCGAG CUGAUGAG GCCGUUAGGC CGAA AGAUCUCG 


7850 


1995 


GAUCUCCU C 6ACACCGC 


451 


GCGGUGUC CUGAUGAG GCCGUUAGGC CGAA AGGAGAUC 


7851 


2006 


CACCGCCU C UGCUCUGU 


452 


ACAGAGCA CUGAUGAG GCCGUUAGGC CGAA AGGCGGU6 


7852 


2011 


CCUCUGCU C UGUAUCGG 


453 


CCGAUACA CUGAUGAG GCCGUUAGGC CGAA AGCAGAGG 


7853 


2015 


UGCUCUGU A UCGGGGGG 


454 


CCCCCCGA CUGAUGAG GCCGUUAGGC CGAA ACAGAGCA 


7854 


2017 


CUCUGUAU C GGGGGGCC 


455 


GGCCCCCC CUGAUGAG GCCGUUAGGC CGAA AUACAGAG 


7855 


2027 


GGGGGCCU U AGAGUCUC 


456 


GAGACUCU CUGAUGAG GCCGUUAGGC CGAA AGGCCCCC 


7856 


2028 


GGGGCCUU A GAGUCUCC 


457 


GGAGACUC CUGAUGAG GCCGUUAGGC CGAA AAGGCCCC 


7857 


2033 


CUUAGAGU C UCCGGAAC 


458 


GUUCCGGA CUGAUGAG GCCGUUAGGC CGAA ACUCUAAG 


7858 


2035 


UAGAGUCU C CGGAACAU 


459 


AUGUUCCG CUGAUGAG GCCGUUAGGC CGAA AGACUCUA 


7859 


2044 


CGGAACAU U GUUGACCU 


460 


AGGUGAAC CUGAUGAG GCCGUUAGGC CGAA AUGUUCCG 


7860 


2047 


AACAUUGU U CACCUCAC 


461 


GUGAGGUG CUGAUGAG GCCGUUAGGC CGAA ACAAUGUU 


7861 


2048 


ACAUUGUU C ACCUCACC 


462 


GGUGAGGU CUGAUGAG GCCGUUAGGC CGAA AACAAUGU 


7862 


2053 


GUUGACCU C ACCAUACG 


463 


CGUAUGGU CUGAUGAG GCCGUUAGGC CGAA AGGUGAAC 


7863 


2059 


CUCACCAU A CGGCACUC 


464 


GAGUGCCG CUGAUGAG GCCGUUAGGC CGAA AUGGUGAG 


7864 


2067 


ACGGCACU C AGGCAAGC 


465 


GCUUGCCU CUGAUGAG GCCGUUAGGC CGAA AGUGCCGU 


7865 


2077 


GGCAAGCU A UUCUGUGU 


466 


ACACAGAA CUGAUGAG GCCGUUAGGC CGAA AGCUUGCC 


7866 


2079 


CAAGCUAU U CUGUGUUG 


467 


CAACACAG CUGAUGAG GCCGUUAGGC CGAA AUAGCUUG 


7867 


2080 


AAGCUAUU C UGUGUUGG 


468 


CCAACACA CUGAUGAG GCCGUUAGGC CGAA AAUAGCUU 


7868 


2086 


UUCUGUGU U GGGGUGAG 


469 


CUCACCCC CUGAUGAG GCCGUUAGGC CGAA ACACAGAA 


7869 


2096 


GGGUGAGU U GAUGAAUC 


470 


GAUUCAUC CUGAUGAG GCCGUUAGGC CGAA ACUCACCC 


7870 


2104 


UGAUGAAU C UAGCCACC 


471 


GGUGGCUA CUGAUGAG GCCGUUAGGC CGAA AUUCAUCA 


7871 


2106 


AUGAAUCU A GCCACCUG 


472 


CAGGUGGC CUGAUGAG GCCGUUAGGC CGAA AQAUUCAU 


7872 


2125 


UGGGAAGU A AUUUGGAA 


473 


UUCCAAAU CUGAUGAG GCCGUUAGGC CGAA ACUUCCCA 


7873 


2128 


GAAGUAAU U UGGAAGAU 


474 


AUCUUCCA CUGAUGAG GCCGUUAGGC CGAA AUUACUUC 


7874 


2129 


AAGUAAUU U GGAAGAUC 


475 


GAUCUUCC CUGAUGAG GCCGUUAGGC CGAA AAUUACUU 


7875 


2137 


UGGAAGAU C CAGCAUCC 


476 


GGAUGCUG CUGAUGAG GCCGUUAGGC CGAA AUCUUCCA 


7876 


2144 


UCCAGCAU C CAGGGAAU 


477 


AUUCCCUG CUGAUGAG GCCGUUAGGC CGAA AUGCUGGA 


7877 


2153 


CAGGGAAU U AGUAGUCA 


478 


UGACUACU CUGAUGAG GCCGUUAGGC CGAA AUUCCCUG 


7878 


2154 


AGGGAAUU A 6UAGUCAG 


479 


CUGACUAC CUGAUGAG GCCGUUAGGC CGAA AAUUCCCU 


7879 


2157 


GAAUUA6U A GUCAGCUA 


480 


UAGCUGAC CUGAUGAG GCCGUUAGGC CGAA ACUAAUUC 


7880 


2160 


UUAGUAGU C AGCUAUGU 


481 


ACAUAGCU CUGAUGAG GCCGUUAGGC CGAA ACUACUAA 


7881 


2165 


AGUCAGCU A UGUCAACG 


482 


CGUUGACA CUGAUGAG GCCGUUAGGC CGAA AGCUGACU 


7882 


2169 


AGCUAUGU C AACGUUAA 


483 


UUAACGUU CUGAUGAG GCCGUUAGGC CGAA ACAUAGCU 


7883 


2175 


GUCAACGU U AAUAUGGG 


484 


CCCAUAUU CUGAUGAG GCCGUUAGGC CGAA ACGUUGAC 


7884 


2176 


UCAACGUU A AUAUGGGC 


485 


GCCCAUAU CUGAUGAG GCCGUUAGGC CGAA AACGUUGA 


7885 


2179 


ACGUUAAU A UGGGCCUA 


486 


UAGGCCCA CUGAUGAG GCCGUUAGGC CGAA AUUAACGU 


7886 


2187 


AUGGGCCU A AAAAUCAG 


487 


CUGAUUUU CUGAUGAG GCCGUUAGGC CGAA AGGCCCAU 


7887 
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2193 


CUAAAAAU C AGACAACU 


488 


AGUUGUCU CUGAUGAG 6CCGUUAGGC CGAA AUUUUUAG 


7888 


2202 


AGACAACU A UUGUGGUU 


489 


AACCACAA CUGAUGAG GCCGUUAGGC CGAA AGUUGUCU 


7889 


2204 


ACAACUAU U GUGGUUUC 


490 


GAAACCAC CUGAUGAG GCCGUUAGGC CGAA AUAGUUGU 


7890 


2210 


AUUGUGGU U UCACAUXJU 


491 


AAAUGUGA CUGAUGAG GCCGUUAGGC CGAA ACCACAAU 


7891 


2211 


UUGUGGUU U CACAUUUC 


492 


GAAAUGUG CUGAUGAG GCCGUUAGGC CGAA AACCACAA 


7892 


2212 


UGUGGUIAJ C ACAUUUCC 


493 


GGAAAUGU CUGAUGAG GCCGUUAGGC CGAA AAACCACA 


7893 


2217 


UUUCACAU U UCCUGUCU 


494 


AGACAGGA CUGAUGAG GCCGUUAGGC CGAA AUGU6AAA 


7894 


221B 


UUCACAUU U CCUGUCUU 


495 


AAGACAGG CUGAUGAG GCCGUUAGGC CGAA AAUGUGAA 


7895 


2219 


UCACAUUU C CUGUCUUA 


496 


UAAGACAG CUGAUGAG GCCGUUAGGC CGAA AAAUGUGA 


7896 


2224 


UUUCCUGU C UUACUUUU 


497 


AAAAGUAA CUGAUGAG GCCGUUAGGC CGAA ACAGGAAA 


7897 


2226 


UCCUGUCU U ACUUUUGG 


498 


CCAAAAGU CUGAUGAG GCCGUUAGGC CGAA AGACAGGA 


7898 


2227 


CCUGUCUU A CUUUUGGG 


499 


CCCAAAAG CUGAUGAG GCCGUUAGGC CGAA AAGACAGG 


7899 


2230 


GUCUUACU U UUGGGCGA 


500 


UCGCCCAA CUGAUGAG GCCGUUAGGC CGAA AGUAAGAC 


7900 


2231 


UCUUACUU U UGGGCGAG 


501 


CUCGCCCA CUGAUGAG GCCGUUAGGC CGAA AAGUAAGA 


7901 


2232 


CUUACUUU U GGGCGAGA 


502 


UCUCGCCC CUGAUGAG GCCGUUAGGC CGAA AAAGUAAG 


7902 


2247 


GAAACUGU U CUUGAAUA 


503 


UAUUCAAG CUGAUGAG GCCGUUAGGC CGAA ACAGUUUC 


7903 


2248 


AAACUGUU C UUGAAUAU 


504 


AUAUUCAA CUGAUGAG GCCGUUAGGC CGAA AACAGUUU 


7904 


2250 


ACUGUUCU U GAAUAUUU 


505 


AAAUAUUC CUGAUGAG GCCGUUAGGC CGAA A6AACAGU 


7905 


2255 


UCUUGAAU A UUUGGUGU 


506 


ACACCAAA CUGAUGAG GCCGUUAGGC CGAA AUUCAAGA 


7906 


2257 


UUGAAUAU U UGGUGUCU 


507 


AGACACCA CUGAUGAG GCCGUUAGGC CGAA AUAUUCAA 


7907 


2258 


UGAAUAUU U GGUGUCUU 


508 


AAGACACC CUGAUGAG GCCGUUAGGC CGAA AAUAUUCA 


7908 


2264 


UUUGGUGU C UUUUGGAG 


509 


CUCCAAAA CUGAUGAG GCCGUUAGGC CGAA ACACCAAA 


7909 


2266 


UGGUGUCU U UUGGAGUG 


510 


CACUCCAA CUGAUGAG GCCGUUAGGC CGAA AGACACCA 


7910 


2267 


GGUGUCUU U UGGAGUGU 


511 


ACACUCCA CUGAUGAG GCCGUUAGGC CGAA AAGACACC 


7911 


2268 


GUGUCUUU U GGAGUGUG 


512 


CACACUCC CUGAUGAG GCCGUUAGGC CGAA AAAGACAC 


7912 


2280 


GUGUGGAU U CGCACUCC 


513 


GGAGUGCG CUGAUGAG GCCGUUAGGC CGAA AUCCACAC 


7913 


2281 


UGUGGAUU C GCACUCCU 


514 


AGGAGUGC CUGAUGAG GCCGUUAGGC CGAA AAUCCACA 


7914 


2287 


UUCGCACU C CUCCUGCA 


515 


UGCAGGAG CUGAUGAG GCCGUUAGGC CGAA AGUGCGAA 


7915 


2290 


GCACUCCU C CUGCAUAU 


516 


AUAUGCAG CUGAUGAG GCCGUUAGGC CGAA AGGAGUGC 


7916 


2297 


UCCUGCAU A UAQACCAC 


517 


GUGGUCUA CUGAUGAG GCCGUUAGGC CGAA AUGCAGGA 


7917 


2299 


CUGCAUAU A GACCACCA 


518 


UGGUGGUC CUGAUGAG GCCGUUAGGC CGAA AUAUGCAG 


7918 


2317 


AUGCCCCU A UCUUAUCA 


519 


UGAUAAGA CUGAUGAG GCCGUUAGGC CGAA AGGGGCAU 


7919 


2319 


GCCCCUAU C UUAUCAAC 


520 


GUUGAUAA CUGAUGAG GCCGUUAGGC CGAA AUAGGGGC 


7920 


2321 


CCCUAUCU U AUCAACAC 


521 


GUGUUGAU CUGAUGAG GCCGUUAGGC OGAA AGAUAGGG 


7921 


2322 


CCUAUCUU A UCAACACU 


522 


AGUGUUGA CUGAUGAG GCCGUUAGGC CGAA AAGAUAGG 


7922 


2324 


UAUCUUAU C AACACUUC 


523 


GAAGUGUU CUGAUGAG GCCGUUAGGC CGAA AUAAGAUA 


7923 


2331 


UCAACACU U CCGGAAAC 


524 


GUUUCCGG CUGAUGAG GCCGUUAGGC CGAA AGUGUUGA 


7924 


2332 


CAACACUU C CGGAAACU 


525 


AGUUUCCG CUGAUGAG GCCGUUAGGC CGAA AAGUGUUG 


7925 


2341 


CGGAAACU A CUGUUGUU 


526 


AACAACAG CUGAUGAG GCCGUUAGGC CGAA AGUUUCCG 


7926 


2346 


ACUACUGU U GUUAGACG 


527 


CGUCUAAC CUGAUGAG GCCGUUAGGC CGAA ACAGUAGU 


7927 


2349 


ACUGUUGU U AGACGAAG 


528 


CUUCGUCU CUGAUGAG GCCGUUAGGC CGAA ACAACAGU 


7928 


2350 


CUGUUGUU A GACGAA6A 


529 


UCUUCGUC CUGAUGAG GCCGUUAGGC CGAA AACAACAO 


7929 


2366 


AGGCAGGU C CCCUAGAA 


530 


UUCUAGGG CUGAUGAG GCCGUUAGGC CGAA ACCUGCCU 


7930 


2371 


GGUCCCCU A GAAGAAGA 


531 


UCUUCUUC CUGAUGAG GCCGUUAGGC CGT^ AGGGGACC 


7931 


2383 


GAAGAACU C CCUCGCCU 


532 


AGGCGAGG CUGAUGAG GCCGUUAGGC CGAA AGUUCUUC 


7932 


2387 


AACUCCCU C GCCUCGCA 


533 


UGCGAGGC CUGAUGAG GCCGUUAGGC CGAA AGGGAGUU 


7933 


2392 


CCUCGCCU C GCAGACGA 


534 


UCGUCUGC CUGAUGAG GCCGUUAGGC CGAA AGGCGAGG 


7934 


2405 


ACGAAGGU C UCAAUCGC 


535 


GCGAUUGA CUGAUGAG GCCGUUAGGC CGAA ACCUUCGU 


7935 


2407 


GAAGGUCU C AAUCGCCG 


536 


CGGCGAUU CUGAUGAG GCCGUUAGGC CGAA AGACCUUC 


7936 


2411 


GUCUCAAU C GCCGCGUC 


537 


GACGCGGC CUGAUGAG GCCGUUAGGC CGAA AUUGAGAC 


7937 


2419 


CGCCGCGU C GCAGAAGA 


538 


UCUUCUGC CUGAUGAG GCCGUUAGGC CGAA ACGCGGCG 


7938 
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2429 


CAGAAGAU C UCAAUCUC 


539 


GAGAUUGA CUGAUGAG GCCGUUAGGC C6AA AUCUUCUG 


7939 


2431 


GAAGAUCU C AAUCUCGG 


540 


CCGAGAUU CUGAUGAG GCCGUUAGGC CGAA AGAUCUUC 


7940 


2435 


AUCUCAAU C UCGGGAAU 


541 


AUUCCCGA CUGAUGAG GCCGUUAGGC CGAA AUUGAGAU 


7941 


2437 


CUCAAUCU C GGGAAUCU 


542 


AGAUUCCC CUGAUGAG GCCGUUAGGC CGAA AGAUUGAG 


7942 


2444 


UCGGGAAU C UCAAUGUU 


543 


AACAUUGA CUGAUGAG GCCGUUAGGC CGAA AUUCCCGA 


7943 


2446 


GGGAAUCU C AAUGUUAG 


544 


CUAACAUU CUGAUGAG GCCGUUAGGC CGAA AGAUUCCC 


7944 


2452 


CUCAAUGU U AGUAtJUCC 


545 


GGAAUACU CUGAUGAG GCCGUUAGGC CGAA ACAUUGAG 


7945 


2453 


UCAAUGUU A GUAUUCCU 


546 


AGGAAUAC CUGAUGAG GCCGUUAGGC CGAA AACAUUGA 


7946 


2456 


AUGUUAGU A UUCCUUGG 


547 


CCAAGGAA CUGAUGAG GCCGUUAGGC CGAA ACUAACAU 


7947 


2458 


GUUAGUAU U CCUUGGAC 


548 


GUCCAAGG CUGAUGAG GCCGUUAGGC CGAA AUACUAAC 


7948 


2459 


UUAGUAUU C CUUGGACA 


549 


UGUCCAAG CUGAUGAG GCCGUUAGGC CGAA AAUACUAA 


7949 


2462 


GUAUUCCU U QGACACAU 


550 


AUGUGUCC CUGAUGAG GCCGUUAGGC CGAA AGGAAUAC 


7950 


2471 


GGACACAU A AGGUGGGA 


551 


UCCCACCU CUGAUGAG GCCGUUAGGC CGAA AUGUGUCC 


7951 


2484 


GGGAAACU U UACGGGGC 


552 


GCCCCGUA CUGAUGAG GCCGUUAGGC CGAA AGUUUCCC 


7952 


2485 


GGAAACUU U ACGGGGCU 


553 


AGCCCCGU CUGAUGAG GCCGUUAGGC CGAA AAGUUUCC 


7953 


2486 


GAAACUUU A CGGGGCUU 


554 


AAGCCCCG CUGAUGAG GCCGUUAGGC CGAA AAAGUUUC 


7954 


2494 


ACGGGGCU U UAUUCUUC 


555 


GAAGAAUA CUGAUGAG GCCGUUAGGC CGAA AGCCCCGU 


7955 


2495 


CGGGGCUU U AUUCUUCU 


556 


AGAAGAAU CUGAUGAG GCCGUUAGGC CGAA AAGCCCCG 


7956 


2496 


GGGGCUUU A UUCUUCUA 


557 


UAGAAGAA CUGAUGAG GCCGUUAGGC CGAA AAAGCCCC 


7957 


2498 


GGCUUUAU U CUUCUACG 


558 


CGUAQAAQ CUGAUGAG GCCGUUAGGC CGAA AUAAAGCC 


7958 


2499 


GCUUUAUU C UUCUACGG 


559 


CCGUAGAA CUGAUGAG GCCGUUAGGC CGAA AAUAAAGC 


7959 


2501 


UUUAUUCU U CUACGGUA 


560 


UACCGUAG CUGAUGM GCCGUUAGGC CGAA AGAAUAAA 


7960 


2502 


UUAUUCUU C UACGGUAC 


561 


GUACCGUA CUGAUGAG GCCGUUAGGC CGAA AAGAAUAA 


7961 


2504 


AUUCUUCU A CGGUACCU 


562 


AGGUACCG CUGAUGAG GCCGUUAGGC CGAA AGAAGAAU 


7962 


2509 


UCUACGGU A CCUUGCUU 


563 


AAGCAAGG CUGAUGAG GCCGUUAGGC CGAA ACCGUAGA 


7963 


2513 


CGGUACCU U GCUUUAAU 


564 


AUUAAAGC CUGAUGAG GCCGUUAGGC CGAA AGGUACCG 


7964 


2517 


ACCUUGCU U UAAUCCUA 


565 


UAGGAUUA CUGAUGAG GCCGUUAGGC CGAA AGCAAG6U 


7965 


2518 


CCUUGCUU U AAUCCUAA 


566 


UUAGGAUU CUGAUGAG GCCGUUAGGC CGAA AAGCAAGG 


7966 


2519 


CUUGCQUU A AUCCUAAA 


567 


UUUAGGAU CUGAUGAG GCCGUUAGGC CGAA AAAGCAAG 


7967 


2522 


GCUUUAAU C CUAAAUGG 


568 


CCAUUUAG CUGAUGAG GCCGUUAGGC CGAA AUUAAAGC 


7966 


2525 


UUAAUCCU A AAUGGCAA 


569 


UUGCCAUU CUGAUGAG GCCGUUAGGC CGAA AGGAUUAA 


7969 


2537 


GGCAAACU C CUUCUUUU 


570 


AAAAGAAG CUGAUGAG GCCGUUAGGC CG7VA AGUUUGCC 


7970 


2540 


AAACUCCU U CUUUUCCU 


571 


AGGAAAAG CUGAUGAG GCCGUUAGGC CGAA AGGAGUUU 


7971 


2541 


AACUCCUU C UUUUCCUG 


572 


CAGGAAAA CUGAUGAG GCCGUUAGGC CGAA AAGGAGUU 


7972 


2543 


CUCCUUCU U UUCCUGAC 


573 


GUCAGGAA CUGAUGAG GCCGUUAGGC CGAA AGAAGGAG 


7973 


2544 


UCCUUCUU U UCCUGACA 


574 


UGUCAGGA CUGAUGAG GCCGUUAGGC CGAA AAGAAGGA 


7974 


2545 


CCUUCUUU U CCUGACAU 


575 


AUGUCAGG CUGAUGAG GCCGUUAGGC CGAA AAAGAAGG 


7975 


2546 


CUUCUUUU C CUGACAUU 


576 


AAUGUCAG CUGAUGAG GCCGUUAGGC CGAA AAAAGAAG 


7976 


2554 


CCUGACAU U CAUUUGCA 


577 


UGCAAAUG CUGAUGAG GCCGUUAGGC CGAA AUGUCAGG 


7977 


2555 


CUGACAUU C AUUUGCAG 


578 


CUGCAAAU CUGAUGAG GCCGUUAGGC CGAA AAUGUCAG 


7978 


2558 


ACAUUCAU U UGCAGGAG 


579 


CUCCUGCA CUGAUGAG GCCGUUAGGC CGAA AUGAAUGU 


7979 


2559 


CAUUCAUU U GCAGGAGG 


580 


CCUCCUGC CUGAUGAG GCCGUUAGGC CGAA AAUGAAUG 


7980 


2572 


GAGGACAU U GUUGAUAG 


581 


CUAUCAAC CUGAUGAG GCCGUUAGGC CGAA AUGUCCUC 


7981 


2575 


GACAUUGU U GAUAGAUG 


582 


CAUCUAUC CUGAUGAG GCCGUUAGGC CGAA ACAAUGUC 


7982 


2579 


UUGUUGAU A GAUGUAAG 


583 


CUUACAUC CUGAUGAG GCCGUUAGGC CGAA AUCAACAA 


7983 


2585 


AUAGAUGU A AGCAAUUU 


584 


AAAUUGCU CUGAUGAG GCCGUUAGGC CGAA ACAUCUAU 


7984 


2592 


UAAGCAAU U UGUGGGGC 


585 


GCCCCACA CUGAUGAG GCCGUUAGGC CGAA AUUGCUUA 


7985 


2593 


AAGCAAUU U GUGGGGCC 


586 


GGCCCCAC CUGAUGAG GCCGUUAGGC CGAA AAUUGCUU 


7986 


2605 


GGGCCCCU U ACAGUAAA 


587 


UUUACUGU CUGAUGAG GCCGUUAGGC CGAA AGGGGCCC 


7987 


2606 


GGCCCCUU A CAGUAAAU 


588 


AUUUACUG CUGAUGAG GCCGUUAGGC CGAA AAGGGGCC 


7988 


2611 


CUUACAGU A AAUGATUfUV 


589 


UUUUCAUU CUGAUGAG GCCGUUAGGC CGAA ACUGUAAG 


7989 
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2629 


AGGAGACU U AAAUUAAC 


590 


GUUAAUUU CUGAUGAG GCCGUUAGGC CGAA AGUCUCCU 


7990 


2630 


GGAGACUIT A AAUUAACU 


591 


AGUUAAUU CUGAUGAG GCCGUUAGGC CGAA AAGUCUCC 


7991 


2634 


ACUUAAAU U AACUAUGC 


592 


GCAUAGUU CUGAUGAG GCCGUUAGGC CGAA AUUUAAGU 


7992 


2635 


CUUAAAUU A ACUAUGCC 


593 


GGCAUAGU CUGAUGAG GCCGUUAGGC CGAA AAUUUAAG 


7993 


2639 


AAUUAACU A VGCCVGCU 


594 


AGCAGGCA CUGAUGAG GCCGUUAGGC CGAA AGUUAAUU 


7994 


2648 


UGCCUGCU A GGUUUUAU 


595 


AUAAAACC CUGAUGAG GCCGUUAGGC CGAA AGCAGGCA 


7995 


2652 


UGCUAGGU U UUAUCCCA 


596 


UGGGAUAA CUGAUGAG GCCGUUAGGC CGAA ACCUAGCA 


7996 


2653 


GCUAGGUU U UAUCCCAA 


597 


UUGGGAUA CUGAUGAG GCCGUUAGGC CGAA AACCUAGC 


7997 


2654 


COAGGUUU U AUCCCAAU 


598 


AUUGGGAU CUGAUGAG GCCGUUAGGC CGAA AAACCUAG 


7998 


2655 


UAGGUUUU A UCCCAAUG 


599 


CAUUGGGA CUGAUGAG GCCGUUAGGC CGAA AAAACCUA 


7999 


2657 


GGUUUUAU C CCAAUGUU 


600 


AACAUUGG CUGAUGAG GCCGUUAGGC CGAA AUAAAACC 


8000 


2665 


CCCAAUGU U ACUAAAUA 


601 


UAUUUAGU CUGAUGAG GCCGUUAGGC CGAA ACAUUGGG 


8001 


2666 


CCAAUGUU A CUAAAUAU 


602 


AUAUUUAG CUGAUGAG GCCGUUAGGC CGAA AACAUUGG 


8002 


2669 


AUGUUACU A AAUAUUUG 


603 


CAAAUAUU CUGAUGAG GCCGUUAGGC CGAA AGUAACAU 


8003 


2673 


UACUAAAU A UUUGCCCU 


504 


AGGGCAAA CUGAUGAG GCCGUUAGGC CGAA AUUUAGUA 


8004 


2675 


CUAAAUAU U UGCCCUUA 


605 


UAAGGGCA CUGAUGAG GCCGUUAGGC CGAA AUAUUUAG 


8005 


2676 


UAAAUAUU U GCCCUUAG 


606 


CUAAGGGC CUGAUGAG GCCGUUAGGC CGAA AAUAUUUA 


6006 


2682 


UUUGCCCU U AGAUAAAG 


607 


CUUUAUCU CUGAUGAG GCCGUUAGGC CGAA AGGGCAAA 


8007 


2683 


UUGCCCUU A GAUAAAGG 


608 


CCUUUAUC CUGAUGAG GCCGUUAGGC CGAA AAGGGCAA 


8008 


2687 


CCUUAGAU A AAGGGAUC 


609 


QAUCCCUU CUGAUGAG GCCGUUAGGC CGAA AUCUAAGG 


8009 


2695 


AAAGGGAU C AAACCGUA 


610 


UACGGUUU CUGAUGAG GCCGUUAGGC CGAA AUCCCUUU 


8010 


2703 


CAAACCGU A UUAUCCAG 


611 


CUGGAUAA CUGAUGAG GCCGUUAGGC CGAA ACGGUUUG 


8011 


2705 


AACCGUAU U AUCCAGAG 


612 


CUCUGGAU CUGAUGAG GCCGUUAGGC CGAA AUACGGUU 


8012 


2706 


ACCGUAUU A UCCAGAGU 


613 


ACUCUGGA CUGAUGAG GCCGUUAGGC CGAA AAUACGGU 


8013 


2708 


CGUAUUAU C CAGAGUAU 


614 


AUACUCUG CUGAUGAG GCCGUUAGGC CGAA AUAAUACG 


8014 


2715 


UCCAGAGU A U6UA6UUA 


615 


UAACUACA CUGAUGAG GCCGUUAGGC CGAA ACUCUGGA 


8015 


2719 


GAGUAUGU A 6UUAAUCA 


616 


UGAUUAAC CUGAUGAG GCCGUUAGGC CGAA ACAUACUC 


8016 


2722 


UAUGUAGU U AAUCAUUA 


617 


UAAUGAUU CUGAUGAG GCCGUUAGGC CGAA ACUACAUA 


8017 


2723 


AUGUAGUU A AUCAUUAC 


618 


GUAAUGAU CUGAUGAG GCCGUUAGGC CGAA AACUACAU 


8018 


2726 


UAGUUAAU C AUUACUUC 


619 


GAAGUAAU CUGAUGAG GCCGUUAGGC CGAA AUUAACUA 


8019 


2729 


UUAAUCAU U ACUUCCAG 


620 


CUGGAAGU CUGAUGAG GCCGUUAGGC CGAA AUGAXKTAA 


8020 


2730 


UAAUCAUU A CUUCCAGA 


621 


UCUGGAAG CUGAUGAG GCCGUUAGGC CGAA AAUGAUUA 


8021 


2733 


UCAUUACU U CCAGACGC 


622 


GCGUCUGG CUGAUGAG GCCGUUAGGC CGAA AGUAAUGA 


8022 


2734 


CAUUACUU C CAGACGCG 


623 


CGCGUCUG CUGAUGAG GCCGUUAGGC CGAA AAGUAAUG 


8023 


2747 


CGCGACAU U AUUUACAC 


624 


GUGUAAAU CUGAUGAG GCCGUUAGGC CGAA AUGUCGCG 


8024 


2748 


GCGACAUU A UUUACACA 


625 


UGUGUAAA CUGAUGAG GCCGUUAGGC CGAA AAUGUCGC 


8025 


2750 


GACAUUAU U UACACACU 


626 


AGUGUGUA CUGAUGAG GCCGUUAGGC CGAA AUAAUGUC 


8026 


2751 


ACAUUAUU U ACACACUC 


627 


GAGUGUGU CUGAUGAG GCCGUUAGGC CGAA AAUAAUGU 


8027 


2752 


CAUUAUUU A CACACUCU 


628 


AGAGUGUG CUGAUGAG GCCGUUAGGC CGAA AAAUAAUG 


8028 


2759 


UACACACU C UUUGGAAG 


629 


CUUCCAAA CUGAUGAG GCCGUUAGGC CGAA AGUGUGUA 


8029 


2761 


CACACUCU U UGGAAGGC 


630 


GCCUUCCA CUGAUGAG GCCGUUAGGC CGAA AGAGUGUG 


8030 


2762 


ACACUCUU U GGAAGGCG 


631 


CGCCUUCC CUGAUGAG GCCGUUAGGC CGAA AAGAGUGU 


8031 


2776 


6CGGGGAU C UUAUAUAA 


632 


UUAUAUAA CUGAUGAG GCCGUUAGGC CGAA AUCCCCGC 


8032 


2778 


GGGGAUCU U AUAUAAAA 


633 


UUUUAUAU CUGAUGAG GCCGUUAGGC CGAA AGAUCCCC 


8033 


2779 


GGGAUCUU A UAUAAAAG 


634 


CUUUUAUA CUGAUGAG GCCGUUAGGC CGAA AAGAUCCC 


8034 


2781 


GAUCUUAU A UAAAAGAG 


635 


CUCUUUUA CUGAUGAG GCCGUUAGGC CGAA AUAAGAUC 


8035 


2783 


UCUUAUAU A AAAGAGAG 


636 


CUCUCUUU CUGAUGAG GCCGUUAGGC CGAA AUAUAAGA 


8036 


2793 


AAGAGAGU C CACACGUA 


637 


UACGUGUG CUGAUGAG GCCGUUAGGC CGAA ACUCUCUU 


8037 


2801 


CCACACGU A GCGCCUCA 


638 


UGAGGCGC CUGAUGAG GCCGUUAGGC CGAA ACGUGUGG 


8038 


2808 


UAGCGCCU C AUUUUGCG 


639 


CGCAAAAU CUGAUGAG GCCGUUAGGC CGAA AGGCGCUA 


8039 


2811 


CGCCUCAU U UUGCGGGU 


640 


ACCCGCAA CUGAUGAG GCCGUUAGGC CGAA AUGAGGCG 


8040 
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2812 


GCCUCAUU U UGCGGGUC 


641 


GACCCGCA CUGAUGA6 GCCGUUAGGC CGAA AAUGAGGC 


8041 


2813 


CCUCAUUU U GCGGGUCA 


642 


UGACCCGC CUGAUGAG GCCGUUAGGC CGAA AAAUGAGG 


8042 


2820 


UUGCGGGU C ACCAUAUU 


643 


AAUAUGGU CUGAUGAG GCCGUUAGGC CGAA ACCCGCAA 


8043 


2826 


GUCACCAU A UUCUUGGG 


644 


CCCAAGAA CUGAUGAG GCCGUUAGGC CGAA AUGGUGAC 


8044 


2826 


CACCAUAU U CUUGGGAA 


645 


UUCCCAAG CUGAUGAG GCCGUUAGGC CGAA AUAUGGUG 


8045 


2829 


ACCAUAUU C UUGGGAAC 


646 


GUUCCCAA CUGAUGAG GCCGUUAGGC CGAA AAUAUGGU 


8046 


2831 


CAUAUUCU U GGGAACAA 


647 


UUGUUCCC CUGAUGAG GCCGUUAGGC CGAA AGAAUAUG 


8047 


2843 


AACAAGAU C UACAGCAU 


648 


AUGCUGUA CUGAUGAG GCCGUUAGGC CGAA AUCUUGUU 


8048 


2845 


CAAGAUCU A CAGCAUGG 


649 


CCAUGCUG CUGAUGAG GCCGUUAGGC CGAA AGAUCUUG 


8049 


2859 


UGGGAGGU U GGUCUUCC 


650 


GGAAGACC CUGAUGAG GCCGUUAGGC CGAA ACCUCCCA 


8050 


2863 


AGGUUGGU C UUCCAAAC 


651 


GUUUGGAA CUGAUGAG GCCGUUAGGC CGAA ACCAACCU 


8051 


2865 


GUUGGUCU U CCAAACCU 


652 


AGGUUUGG CUGAUGAG GCCGUUAGGC CGAA AGACCAAC 


8052 


2866 


UUGGUCUU C CAAACCUC 


653 


GAGGUUUG CUGAUGAG GCCGUUAGGC CGAA AAGACCAA 


8053 


2874 


CCAAACCU C GAAAAGGC 


654 


GCCUUUUC CUGAUGAG GCCGUUAGGC CGAA AGGUUUGG 


8054 


2895 


GGACAAAU C UUUCUGUC 


655 


GACAGAAA CUGAUGAG GCCGUUAGGC CGAA AUUUGUCC 


8055 


2897 


ACAAAUCU U UCUGUCCC 


656 


GGGACAGA CUGAUGAG GCCGUUAGGC CGAA AGAUUUGU 


8056 


2898 


CAAAUCUU U CUGUCCCC 


657 


GGGGACAG CUGAUGAG GCCGUUAGGC CGAA AAGAUUUG 


8057 


2899 


AAAUCUUU C UGUCCCCA 


65B 


UGGGGACA CUGAUGAG GCCGUUAGGC CGAA AAAGAUUU 


8058 


2903 


CUUUCUGU C CCCAAUCC 


659 


GGAUUGGG CUGAUGAG GCCGUUAGGC CGAA ACAGAAAG 


8059 


2910 


UCCCCAAU C CCCUGGGA 


660 


UCCCAGGG CUGAUGAG GCCGUUAGGC CGAA AUUGGGGA 


8060 


2920 


CCUGGGAU U CUUCCCCG 


661 


CGGGGAAG CUGAUGAG GCCGUUAGGC CGAA AUCCCAGG 


8061 


2921 


CUGGGAUU C UUCCCCGA 


662 


UCGGGGAA CUGAUGAG GCCGUUAGGC CGAA AAUCCCAG 


8062 


2923 


GGGAUUCU U CCCCGAUC 


663 


GAUCGGGG CUGAUGAG GCCGUUAGGC CGAA AGAAUCCC 


8063 


2924 


GGAUUCUU C CCCGAUCA 


664 


UGAUCGGG CUGAUGAG GCCGUUAGGC CGAA AAGAAUCC 


8064 


2931 


UCCCCGAU C AUCAGUUG 


665 


CAACUGAU CUGAUGAG GCCGUUAGGC CGAA AUCGGGGA 


8065 


2934 


CCGAUCAU C AGUUGGAC 


666 


GUCGAACU CUGAUGAG GCCGUUAGGC CGAA AUGAUCGG 


8066 


2938 


UCAUCAGU U GGACCOJG 


667 


CAGGGUCC CUGAUGAG GCCGUUAGGC CGAA ACUGAUGA 


8067 


2950 


CCCUGCAU U CAAAGCCA 


668 


UGGCUUUG CUGAUGAG GCCGUUAGGC CGAA AUGCAGGG 


8068 


2951 


CCUGCAUU C AAAGCCAA 


669 


UUGGCUUU CUGAUGAG GCCGUUAGGC CGAA AAUGCAGG 


8069 


2962 


AGCCAACU C AGUAAAUC 


670 


GAUUUACU CUGAUGAG GCCGUUAGGC CGAA AGUUGGCU 


8070 


2966 


AACUCAGU A AAUCCAGA 


671 


UCUGGAUU CUGAUGAG GCCGUUAGGC CGAA ACUGAGUU 


8071 


2970 


CAGUAAAU C CAGAUUGG 


672 


CCAAUCUG CUGAUGAG GCCGUUAGGC CGAA AUUUACUG 


8072 


2976 


AUCCAGAU U GGGACCUC 


673 


GAGGUCCC CUGAUGAG GCCGUUAGGC CGAA AUCUGGAU 


8073 


2984 


UGGGACOJ C AACCCGCA 


674 


UGCGGGUU CUGAUGAG GCCGUUAGGC CGAA AGGUCCCA 


8074 


3037 


GGGAGCAU U CGGGCCAG 


675 


CUGGCCCG CUGAUGAG GCCGUUAGGC CGAA AUGCUCCC 


8075 


3038 


GGAGCAUU C GGGCCAGG 


676 


CCUGGCCC CUGAUGAG GCCGUUAGGC CGAA AAUGCUCC 


8076 


3049 


GCCAGGGU U CACCCCUC 


677 


GAGGGGUG CUGAUGAG GCCGUUAGGC CGAA ACCCUGGC 


8077 


3050 


CCAGGGUU C ACCCCUCC 


678 


GGAGGGGU CUGAUGAG GCCGUUAGGC CGAA AACCCUGG 


8078 


3057 


UCACCCOI C CCCAUGGG 


679 


CCCAUGGG CUGAUGAG GCCGUUAGGC CGAA AGGGGUGA 


8079 


3073 


GGGACUGU U GGGGUGGA 


680 


UCCACCCC CUGAUGAG GCCGUUAGGC CGAA ACAGUCCC 


8080 


3087 


GGAGCCCU C ACGCUCAG 


681 


CUGAGCGU CUGAUGAG GCCGUUAGGC CGAA AGGGCUCC 


8081 


3093 


CUCACGCU C AGG6CCUA 


682 


UAGGCCCU CUGAUGAG GCCGUUAGGC CGAA AGCGUGAG 


8082 


3101 


CAGGGCCU A CUCACAAC 


683 


GUUGUGAG CUGAUGAG GCCGUUAGGC CGAA AGGCCCUG 


8083 


3104 


GGCCUACU C ACAACUGU 


684 


ACAGUUGU CUGAUGAG GCCGUUAGGC CGAA AGUAGGCC 


8084 


3123 


CAGCAGCU C CUCCUCCU 


685 


AGGAGGAG CUGAUGAG GCCGUUAGGC CGAA AGCUGCUG 


8085 


3126 


CAGCUCCU C CUCCUGCC 


686 


GGCAGGAG CUGAUGAG GCCGUUAGGC CGAA AGGAGCUG 


8086 


3129 


CUCCUCCU C CUGCCUCC 


687 


GGAGGCAG CUGAUGAG GCCGUUAGGC CGAA AGGAGGAG 


8087 


3136 


UCCUGCCU C CACCAAUC 


688 


GAUUGGUG CUGAUGAG GCCGUUAGGC CGAA AGGCAGGA 


8088 


3144 


CCACCAAU C GGCAGUCA 


689 


UGACUGCC CUGAUGAG GCCGUUAGGC CGAA AUUGGUGG 


8089 


3151 


UCGGCAGU C AGGAAGGC 


690 


GCCUUCCU CUGAUGAG GCCGUUAGGC CGAA ACUGCCGA 


8090 


3165 


GGCAGCOJ A CUCCCUUA 


691 


UAAGGGAG CUGAUGAG GCCGUUAGGC CGAA A6GCUGCC 


8091 
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3168 


AGCCUACU C CCUUAUCU 


692 


AGATJAAGG CUGAUGAG GCCGUUAGGC CGAA AGUAGGCU 


8092 


3172 


UAOTCCCU U AUCUCCAC 


693 


GUGGAGAU CUGAUGAG GCCGUUAGGC CGAA AGGGAGUA 


8093 


3173 


ACUCCCUU A UCUCCACC 


694 


GGUGGAGA CUGAUGAG GCCGUUAGGC CGAA AAGGGAGU 


8094 


3175 


UCCCUUAU C UCCACCUC 


695 


GAGGUGGA CUGAUGAG GCCGUUAGGC CGAA AUAAGGGA 


8095 


3177 


CCUUAUCU C CACCUCUA 


696 


UAGAGGUG CUGAUGAG GCCGUUAGGC CGAA AGAUAAGG 


8096 


3183 


CUCCACCU C UAAGGGAC 


697 


GUCCCUUA CUGAUGAG GCCGUUAGGC CGAA AGGUGGAG 


8097 


3185 


CCACCUCU A AGGGACAC 


698 


GUGUCCCU CUGAUGAG GCCGUUAGGC CGAA AGAGGUGG 


8098 


3195 


GGGACACU C AUCCUCAG 


699 


CUGAGGAU CUGAUGAG GCCGUUAGGC CGAA AGUGUCCC 


8099 


3198 


ACACUCAU C CUCAGGCC 


700 


GGCCUGAG CUGAUGAG GCCGUUAGGC CGAA AUGAGUGU 


8100 


3201 


CUCAUCCU C AGGCCAUG 


701 


CAUGGCCU CUGAUGAG GCCGUUAGGC CGAA AGGAUGAG 


8101 



Input Sequence «= 7^100308. Cut Site = UH/. 

Stem Length = 8 . Core Sequence = CUGAUGAG GCCGUUAGGC CGAA 
AF100308 (Hepatitis B virus strain 2-18, 3215 bp) 

Underlined region can be any X sequence or linker, as described herein. 
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TABLE VI: HUMAN HBV INOZYME AND SUBSTRATE SEQUENCE 



Pos 


Substrate 


Seg ID 


Inossyme 


Seg 
ID 


9 


AAC0CCAC C ACUUUCCA 


702 


UGGAAAGU CUGAUGAG GCCGUUAGGC CGAA lUGGAGUU 


8102 


10 


ACUCCACC A CUUUCCAC 


703 


GUGGAAAG CUGAUGAG GCCGUUAGGC CGAA IGUGGAGU 


8103 


12 


UCCACCAC U UUCCACCA 


704 


UGGUGGAA CUGAUGAG GCCGUUAGGC CGMi lUGGUGGA 


8104 


16 


CCACUUUC C ACCAAACU 


705 


AGUUUGGU CUGAUGAG GCCGUUAGGC CGAA lAAAGUGG 


8105 


17 


CACUUUCC A CCAAACUC 


706 


GAGUUUGG CUGAUGAG GCCGUUAGGC CGAA IGAAAGUG 


8106 


19 


CUUUCCAC C AAACUCUU 


707 


AAGAGUUU CUGAUGAG GCCGUUAGGC CGAA lUGGAAAG 


8107 


20 


UUUCCACC A AACUCUaC 


708 


GAAGAGUU CUGAUGAG GCCGUUAGGC CGAA IGUGGAAA 


8108 


24 


CACCAAAC U CUUCAAGA 


709 


UCUUGAAG CUGAUGAG GCCGUUAGGC CGAA lUUUGGUG 


8109 


26 


CCAAACUC U UCAAGAUC 


710 


GAUCUUGA CUGAUGAG GCCGUUAGGC CGAA lAGUUUGG 


8110 


29 


AACUCUUC A AGAUCCCA 


711 


UGGGAUCU CUGAUGAG GCCGUUAGGC CGAA lAAGAGUU 


8111 


35 


UCAAGAUC C CAGAGUCA 


712 


UGACUCUG CUGAUGAG GCCGUUAGGC CGAA lAUCUUGA 


8112 


36 


CAAGAUCC C AGAGUCAG 


713 


CUGACUCU CUGAUGAG GCCGUUAGGC CGAA IGAUCUUG 


8113 


37 


AAGAUCCC A GAGUCAGG 


714 


CCUGACUC CUGAUGAG GCCGUUAGGC CGAA IGGAUCUU 


8114 


43 


CCAGAGUC A GGGCCCUG 


715 


CAGGGCCC CUGAUGAG GCCGUUAGGC CGMi lACUCUGG 


8115 


48 


GUCAGGGC C CUGUACUU 


716 


AAGUACAG CUGAUGAG GCCGUUAGGC CGAA ICCCUGAC 


8116 


49 


UCAGGGCC C UGUACUUU 


717 


AAAGUACA CUGAUGAG GCCGUUAGGC CGAA IGCCCUGA 


8117 


50 


CAGGGCCC U GUACUUUC 


718 


GAAAGUAC CUGAUGAG GCCGUUAGGC CGAA IGGCCCUG 


8118 


55 


CCCUGUAC U UUCCUGCU 


719 


AGCAGGAA CUGAUGAG GCCGUUAGGC CGAA lUACAGGG 


8119 


59 


GUACUUUC C UGCUGGUG 


720 


CACCAGCA CUGAUGAG GCCGUUAGGC CGAA lAAAGUAC 


8120 


60 


UACUUUCC U GCUGGUGG 


721 


CCACCAGC CUGAUGAG GCCGUUAGGC CGAA IGAAAGUA 


8121 


63 


UUUCCUGC U GGUGGCUC 


722 


GAGCCACC CUGAUGAG GCCGUUAGGC CGAA ICAGGAAA 


8122 


70 


CUGGUGGC U CCAGUUCA 


723 


UGAACUGG CUGAUGAG GCCGUUAGGC CGAA ICCACCAG 


8123 


72 


GGUGGCUC C AGUUCAGG 


724 


CCUGAACU CUGAUGAG GCCGUUAGGC CGAA lAGCCACC 


8124 


73 


GUGGCUCC A GUUCAGGA 


725 


UCCUGAAC CUGAUGAG GCCGUUAGGC CGAA IGAGCCAC 


8125 


78 


UCCAGUUC A GGAACAGU 


726 


ACUGUUCC CUGAUGAG GCCGUUAGGC CGAA lAACUGGA 


8126 


84 


UCAGGAAC A GUGAGCCC 


727 


GGGCUCAC CUGAUGAG GCCGUUAGGC CGAA lUUCCUGA 


8127 


91 


CAGUGAGC C CUGCUCAG 


728 


CUGAGCAG CUGAUGAG GCCGUUAGGC CGAA ICUCACUG 


8128 


92 


AGUGAGCC C UGCUCAGA 


729 


UCU6AGCA CUGAUGAG GCCGUUAGGC CGAA IGCUCACU 


8129 


93 


GUGAGCCC U GCUCAGAA 


730 


UUCUGAGC CUGAUGAG GCCGUUAGGC CGAA IGGCUCAC 


8130 


96 


AGCCCUGC U CAGAAUAC 


731 


GUAUUCUG CUGAUGAG GCCGUUAGGC CGAA ICAGGGCU 


8131 


98 


CCCUGCUC A GAAUACUG 


732 


CAGUAUUC CUGAUGAG GCCGUUAGGC CGAA lAGCAGGG 


8132 


105 


CAGAAUAC U GUCUCUGC 


733 


GCAGAGAC CUGAUGAG GCCGUUAGGC CGAA lUAUUCUG 


8133 


109 


AUACUGUC U CUGCCAUA 


734 


UAUGGCAG CUGAUGAG GCCGUUAGGC CGAA lACAGUAU 


8134 


111 


ACUGUCUC U GCCAUAUC 


735 


GAUAUGGC CUGAUGAG GCCGUUAGGC CGAA lAGACAGU 


8135 


114 


GUCUCUGC C AUAUCGUC 


736 


GACGAUAU CUGAUGAG GCCGUUAGGC CGAA ICAGAGAC 


8136 


115 


UCUCUGCC A UAUCQUCA 


737 


UGACGAUA CUGAUGAG GCCGUUAGGC CGAA IGCAGAGA 


8137 


123 


AUAUCGUC A AUCUUAUC 


738 


GAUAAGAU CUGAUGAG GCCGUUAGGC CGAA lACGAUAU 


8138 


127 


CGUCAAUC U UAUCGAAG 


739 


CUUCGAUA CUGAUGAG GCCGUUAGGC CGAA lAUUGACG 


8139 


138 


UCGAAGAC U GGGGACCC 


740 


GGGUCCCC CUGAUGAG GCCGUUAGGC CGAA lUCUUCGA 


8140 


145 


CUGGGGAC C CUGUACCG 


741 


CGGUACAG CUGAUGAG GCCGUUAGGC CGAA lUCCCCAG 


8141 


146 


UGGGGACC C UGUACCGA 


742 


UCGGUACA CUGAUGAG GCCGUUAGGC CGAA IGUCCCCA 


8142 


147 


GGGGACCC U GUACCGAA 


743 


UUCGGUAC CUGAUGAG GCCGUUAGGC CGAA IGGUCCCC 


8143 


152 


CCCUGUAC C GAACAUGG 


744 


CCAUGUUC CUGAUGAG GCCGUUAGGC CGAA lUACAGGG 


8144 


157 


UACCGAAC A UGGAGAAC 


745 


GUUCUCCA CUGAUGAG GCCGUUAGGC CGAA lUUCGGUA 


8145 


166 


UGGAGAAC A UCGCAUCA 


746 


UGAUGCGA CUGAUGAG GCCGUUAGGC CGAA lUUCUCCA 


8146 


171 1 


AACAUCGC A UCAGGACU 


747 


AGUCCUGA CUGAUGAG GCCGUUAGGC CGAA ICGAUGUU 


8147 
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174 




748 


AnrtAfSTTPP PfT/T!ATTf2An /^PPr«TTTT»/VO rv^Rll TIlITr»/VaTT 


8148 


179 




749 


UUU^UAuU k>UonuuAU l7L>^uUUA!oV9(,. L.\aAA IUCCUC7AU 


8149 


181 


CAGGACUC? C ITAGGACCC 


750 


nnnTTPPTTA PTXnATT^SAn f2PPr!TTTTaf2nr' rviaiv T nriTTrrnTr* 


8150 


182 




751 


nntzntinr'n PTTriATK^a^^ nLr*r*r^'niTirLr'r' rv^iv^ T/^Tv/^Ttornt 


8151 


188 




752 


fVia^/^a/V!! f^m.^tifi^fs. cr^r*t^TTX7<rir^r* ttt<^^wtiv/*»/s 
lJuAVvsJAovj ^UuAUuAo I^CLajUuALjvtL. CuAA XUCCUAGG 


8152 


189 


CUAGGAPP P PTWSPTTPfiTT 


753 


AULzAuUAis L.U0AUUAV3 vDrV-UljUUAvi(jL CGAA XGUCCUAG 


8153 


190 


TIARGAPPP p TinPTTPnTTn 


754 


L^k^UAv^LJt. UULxAUoAvj oUUvjUUAWjC CGAA IGGUCCUA 


8154 






755 


AuACGAQC CuCjAUGAG GCCGUUAGGC CGAA xggguccu 


8155 


194 


APPPPTTfSP TT rYZTTnTTTTar* 


756 


CjUAAL-ACCi CUC^AUGAG GCCGUUAGGC CGAA ICaGGGKjU 


8156 


203 




757 


ALCLL.vjLC CUijAUGAG GCCGUUAGGC CGAA lUAACACG 


8157 


217 


RGTTTniTTTTP TT TTnTTTTfiar'a 


758 


UUUCAACA CUGAUGAG GCCGUUAGGC CGAA lAAAAACC 


8158 


225 


UtTGtlTIGAP A aiiJiaTTPPTT 


759 


ASjbEAUUUU CuGAUGAG GCCGUUAGGC CGAA lUCAACAA 


8159 


232 


PAAAAATTP P TTPIiPIllvna 


760 


UAUUGUGA CUwuJGAG GCCGUUAGGC CGAA lAUUUUUG 


8160 


^ J J 




761 


GUAUUGUG CUGAUGAG GCCGUUAGGC CGAA IGAUUUUU 


8161 




aaaTTPPiTP a paaTTAPpa 


762 


UGGUAUUG CuGAUGAG GCCGUUAGGC CGAA lAGGAUUU 


8162 


237 




763 


UGUGGUAU CUGAUGAG GCCGUUAGGC CGAA lUGAGGAU 


8163 


0 4 9 
^ 4 ^ 


L^UiAAUAl^ ^ AvJlAuAoUVi. 


764 


GACUCUGU CUGAUGAG GCCGUUAGGC CGAA lUAUUGUG 


8164 






765 


AGACUCUG CUGAUGAG GCCGUUAGGC CGAA IGUAUUGU 


8165 




ZiaTTAPPAr" a r'aniTrfiar' 


766 


CUAGACUC CUGAUGAG GCCGUUAGGC CGAA lUGGUAUU 


8166 






767 


ACGAGUCU CUGAUGAG GCCGUUAGGC CGAA lACUCUGU 


8167 


256 


GTTPTTAGAP TT Hflt ICZTSX inti 


768 


CCACCACG CUGAUGAG GCCGUUAGGC CGAA lUCUAGAC 


8168 


267 




769 


UUGAGAGA CUGAUGAG GCCGUUAGGC CGAA lUCCACCA 


8169 


270 


UUVaft^tJUw U ^U^>i'/vftUUU 


770 


AAAUUGAG CUGAUGAG GCCGUUAGGC CGAA lAAGUCCA 


8170 


272 




771 


GAAAAUUG CUGAUGAG GCCGUUAGGC CGAA XAGAAGUC 


8171 


274 




772 


UAUAAAAU CUGAUGAG GCCGUUAGGC CGAA lAGAGAAG 


8172 


281 


pawiTTTTTTP TT annnoftaa 


773 


UUCCCCCU CUGAUGAG GCCGUUAGGC CGAA lAAAAUUG 


8173 


291 


GGGGG2VZkP & PPPHTT/^TTP 


774 


CACACGGG CUGAUGAG GCCGUUAGGC CGAA lUUCCCCC 


8174 




^STSmi&pap n r»rTTrrrTPTTn 

V9UUftft\,..ftV_ L. V^v^UuUWjUL. 


775 


(jACACACG CUGAUGAG GCCGUUAGGC CGAA lUGUUCCC 


8175 




\n3nftv.AL.U L. 


776 


AGACACAC CUGAUGAG GCCGUUAGGC CGAA IGUGUUCC 


8176 




PflTTfSTT/TTTP TT Iinf2r*n'h1^^ 


777 


UUUGGCCA CUGAUGAG GCCGUUAGGC CGAA lACACACG 


8177 


307 


GTTPTTTTn^^P P aAaATTTTPn 


778 


GGAAUUUU CUGAUGAG GCCGUUAGGC CGAA ICCAAGAC 


8178 


308 


U^UUUO^^ ft nHftUU^UVv 


779 


GCGAAUUU CUGAUGAG GCCGUUAGGC CGAA XGCCAAGA 


8179 


317 


AftftUUVtfU^ ft vsU^^^LaHA 


780 


UUUGGGAC CUGAUGAG GCCGUUAGGC CGAA ICGAAUUU 


8180 


^ ^ X 


TTPnparjTTP p naaaiTnTr" 


781 


GAGAUUUG CUGAUGAG GCCGUUAGGC CGAA lACUGCGA 


8181 


322 


PGPAHTTPP P LLATTPTTPP 
i_o^-fto\j^^ \„ ftftftU^UV.,V<, 


782 


bVjAuAUUU CUGAUGAG GCCGUUAGGC CGAA XGACUGCG 


8182 


323 




783 


UGGAGAUU CUGAUGAG GCCGUUAGGC CGAA IGGACUGC 


8183 


328 


PPPAAATTP n r^r»ar'TT<^ar» 


784 


GUGACUGG CUGAUGAG GCCGUUAGGC CGAA lAUUUGGG 


8184 


^ J v 


paaaiTnTr* r* ^r^nc^r^zc 


785 


GAGUGACU CUGAUGAG GCCGUUAGGC CGAA lAGAUUUG 


8185 




aaaTTf^ir^r' & /sttf^KrvTr*^ 


786 


UGAGUGAC CUGAUGAG GCCGUUAGGC CGAA IGAGAUUU 


8186 




PTTPPunTTP h. mPAPPAa 


787 


UUGGUGAG CUGAUGAG GCCGUUAGGC CGAA lACUGGAG 


8187 


J.* / 


pparttr'ar* it r'nr'<^fcftrT« 
v..v.^VjUvJAL. U UAL«LAAL.V. 


788 


GGUUGGUG CUGAUGAG GCCGUUAGGC CGAA lUGACUGG 


8188 


J J J7 


AoUvJAv-UC A L.UAAL.L.U0 


789 


CAGGUUGG CUGAUGAG GCCGUUAGGC CGAA XAGUGACU 


8189 


341 


vj U ^..ft^ iiftWi*V«UuUU 


790 


AACAGGUU CUGAUGAG GCCGUUAGGC CGAA XUGAOUGA 


8190 


342 


W-1V_, U ^ ft UV9U UO 


791 


CAACAGGU CUGAUGAG GCCGUUAGGC CGAA I6UGA6UG 


8191 


345 


UCACCAAC C UGUUGUCC 


792 


GGACAACA CUGAUGAG GCCGUUAGGC CGAA lUUGGUGA 


8192 


346 


CACCAACC U GUUGUCCU 


793 


AGGACAAC CUGAUGAG GCCGUUAGGC CGAA IGUUGGUG 


8193 


353 


CUGUUGfUC C UCCAAUUU 


794 


AAAUUG6A CUGAUGAG GCCGUUAGGC CGAA lACAACAG 


8194 


354 


UGUUGUCC U CCAAUUUG 


795 


CAAAUUGG CUGAUGAG GCCGUUAGGC CGAA IGACAACA 


8195 


356 


UUGUCCUC C AAUUUGUC 


796 


QACAAAUU CUGAUGAG GCCGUUAGGC CGAA lAGGACAA 


8196 


357 


UGUCCUCC A AUUUGUCC 


797 


GGACAAAU CUGAUGAG GCCGUUAGGC CGAA IGAGGACA 


8197 


365 


AAUUUGUC C UGGUUAUC 


798 


GAUAACCA CUGAUGAG GCCGUUAGGC CGAA lACAAAUU 


8198 
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366 




799 


Pf^ATTAAPP PTTnATTrtAfZ nPP^lTTTTAr^rtP PAAA TnAPAAATT 


8199 


376 




800 


APAPATTPP PITnATTnAn fSPPm TIT A /1/lP PnAA TPrtATTAAP 


8200 


386 




801 


AAPGPPnP PTT^ZATTTlAfJ nPPnTTTTArSPP PfitAA TAPAPATtP 


8201 


400 




802 


GAGGAAGA PTTf^ATTRAn rSPPPTTTTArZPP r^PAA TATTAAAAH 
OAVavs/viVArl v.UlsAUvxn,V7 uv..L.V7UUAoO^^ v^LjAA XAUAAAAU 


8202 


403 


ITUATIPATTP TT TTPPflPTTrtP 


803 


nPAnAnPA rTT/raiT/^ao rsr'/^^^TTTTa/'T/vi /^riaa TaTiriBTTTiiv 
uUAutAVdVjA UUviAUviAo \9UL.vjUUA(jV7V. UvjAA XAUUAUAA 


8203 


406 


UCATir^TTTP P TTPTTflPATTP 


804 




8204 


407 


PATTPTTTTPP TT PTTnPZi.TTPP 


805 




8205 


409 


TTPTTTTPPTTP TT fiPATTPPTTn 


806 




8206 


412 




807 


PAGPAGPA PTTPATTnAP PrTPTTTTAPr'P PPAA Tr'APBrr'a 


8207 


415 


UCUGPAUP P UGPTIGPIJA 


808 


TTAPPAPPA rTtnaTTnAn cinr^cifniiir^n ppaa xatrrr'n/^a 
UAVjw\oUA UUoAUuAur u^Uu-UUAoVtL. L(jAA IAUoUAvjA 


8208 


416 


PTTGPATTPP TT GPTTfiPTTaTT 


809 


ATTAPPAi^r' nTPaTTPap /2/*«r*PTTrTan/v r*paa Tr'Tvrmon/^ 


8209 


419 


PATTPPTTGP TT GPTTaTTf3PP 


810 


/i/TSPATTAPP f^Tr^aixnaf firi^fs.Txrmtv*f^ *T/^aa Tn*r»^»TTrt 


8210 


409 




811 


UUACsQvjAU cugaugaq GCCGXJUAGGC cgaa icagcagg 


8211 


/ 


TT/1PTTATT^3P P TTPatTPTTTTr' 


812 


gaagauga cugaugag gccguuaggc cgaa ICAXIAGCA 


8212 


428 


GPTTATTGPP TT PATTPTTTTPIT 


813 


AvjAAvjAUG CuvjAUuAG GCCGUUAGGC CGAA IGCAUAGC 


8213 


4"^n 

* o u 


TTATirJPPTTP A TTPITTIPTTIIP 


814 


LAAiatAAGA CUGAUGAG GCCGUUAGGC CGAA lAGGCAuA 
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TUTAPTTTITTP TT PrtPPAAPTT 


957 


AGTTTTGGPG PTTGATTRAG GPPGTTTTAGGP PGAA TAAAGTTAA 

AwUUVTwLrW V>UUCAWV3Aw wWVvwUUAUU\^ ^\3nA XAAAUUAA 


8357 


line; 


TTITTTPTTPnP P AAPITTTAPA 


958 


TTGTTAAGTTTT PTTGATTGAG GPPGTTTTAGGP PGAA TPGAGAAA 

UOUAAVaUU V.>iJv7AUvJAv7 V9V>V^V7U U A\J(,7 ^VXnn X wVXnVJlnArl 


8358 




TTTTPTTPnPP A APT7TTAPAA 


959 


TTTTnTTAARTT PTTGATTGAG GPPGTTTTAGGP fYSAA TGfYJAGAA 

UUVSUAAVjU wUUAUk3AV7 w^V.OUUAU\^V. ^UAA XO^UAV7AA 


8359 


1 1 no 


TTPfSPPAAP TT TTAPAAfSRP 
UViA3V«V«AnVi« U UA,ImAAUI\3\m 


960 


GPPTTTTGITA PTTGATTGAG GPPGTTTTAGGP PGAA TTTITGGPGA 

\3\*Vi*UUVAUA V»UVIAUOA» k3rv«V^UlU\JAUVfVtf ^UAA XUUVASVvwA 


8360 


XXX.3 


PAAPTTFTAP A AnnPPnTTTT 


961 


AAArsnPPTT PTinATTGAG GPPrmTTAGGP PGAA TTTAAGTTTTG 


8361 


1 1 1 D 
XXX o 


TTAPAA^nnP P TTTTTTPTTAAn 


962 


PTTITAPAAA PTinATTRAG GPPGTTTTAGGP PGAA TPPTTTTGITA 


8362 


1 1 T Q 




963 


Ar^TTTAOAA rTTH ATTr^ A<T. rLTT^nXlXT^nnr^ rV27iA TrTTtTTTr^TT 

AUUUAoAA UVJUAUvjAVa VjCV-vjUUA\jvjV_. UvaAA XtaUUDUoU 


8363 


1123 




964 


rTTTTTTA/^TTT /^T/^ATTr^A^ ^/^/^r^TTTTR/^/^/^ /"VIAA TAAA<nO/^/^ 

I7UUUACUU CUuAUViAtJ vjl^UvjUUAijVjL. UuAA XAAAGkaUU 


8364 






965 


TTf^AOATTAr^ ^^TOATtr'Af^ r!/^r^<^TTTTAr'r'0 i'VAA TTTTTTTAr^TTT 

UuAVJAUAL. UUviAUvaAv? V3CL.vjUUA\juV. VajAA XUUUAuUU 


8365 


1 1 i( 1 




966 


fVS/V^TTAAA rTTn ATTr* An firT'PTTTTRnnr' OnAA TTTIT/^Ar'ATT 

WjVjvjUAAA UUvjAUoAVj Vjk^L.uuUAVi<jrU UljrAA XUUtJAUAU 


8366 


1144 


TTi^TTnaarr^ tt iTTTar'/^rT^n 


967 


rTT'n/^TA A rTir'TiTJC'^n nr^rr'TTTTArTT' r^r'Aa Tr^iTTTr^Ar^A 
L.LjLjLHjUAA t-UoAUoAo Uv-^vjUUAlaljl- L-oAA XvjjUUUAvJA 


8367 


1149 




968 


A(jLJ\ALbo UULiAUtiA^j (jL-UUUUA^jLjL- L-uAA IUAAAIjIjU 


8368 


1150 


OrTTITITTVO^ O /"'/^Tn/^/^TO 


969 


oAOOAAr*/^ rTTr'ATT/*' Ar* r'/^r^r'TTTTArT'r' r^r'AA Tr^iiAAAo/^ 
GAv.7vJAALVj V.UVjAUucAO oW'CVsUUAVj^jL. L'VtAA XVjUAAA^jO 


8369 


1151 




970 


A /"l/^ A A f^T/^ATTrtAO /V^/^r'TTTTAl^rT' ^A^AA TO/**rTAAA/l 

UCiAvjCAAC L.UviAUv.>Aw7 UCv^oUUAljoL. L.vaAA XGVvUAAAV? 


8370 




rTTVsmTnr* tt Prs/ir'ia.p/Ti 


971 


rvHTTTrr^rr' mnATTr'An rrrr'TTnAnnr' rriiA Tr'AACvsrs/i 


8371 




TT/'v*rT/"va/5P A ar*/2/ir«PTT<^ 


972 


r'Ai'3pr<PfiffT PTT/iATT^am np rr'T TIT A rrr* rvsaa TPrv^arr^A 


8372 


lies 


r»f a.nrv^T'r' r* TTrsr£iTfnTa.TT 

\3V.«nAv.A3\3^ U\7V7U\.UAU 


973 


ATTAr»AP01i PfTflATTfSArL P rT* (TITTT A flTT' rVlAA TPPf»TTTTP/^ 
AUAUAIJUA ^UuAUutAV? V7UV-.vjUUA\aV9U VA9AA XWVA3UUV.9\«> 


8373 


XXO}7 


r»Risr»rSi^r»n tt r'r^TTnnTVTTr' 


974 


r'ATTAnAnr* PTTr»AT'tr«An ni^pnTTTAnrT* r«r«AA Tnr«nr«TTTT/^ 
vJAUAUAUL. L.U\jAUViAL3 UU.Ul.7UUAool^ CvtAA XviCUuUUv? 


8374 


XX. / 4 


nr^rTTn/^ir* it ATT/'2PPaa<^ 


975 


PTTTT/TWPATT PTTnaTTrtaG rtPPrtlTTTA^TRP PfiAA TiPPAflPP 


8375 


XJ. / 7 


nTPTTl\TTfir« P RRnTTrSITTTTT 


976 


AAAOAPTTT7 PTTnATTnA^i fiPPnTTTTAnTiP PrtAA TPATTAOAP 
AAAvJAUUU ^^UViAUViAvj ov^^uUUA^lsvt^ L.V7AA XUAUAoAL* 


8376 


T T OA 


TTr^TaTtrsrr* * anTTmrTiTr* 


977 


nAAAnAPTT PiTr'ATTr'An r*r*r*r^TrTh.nnr* rr'AA t^^hattaoa 
V,..AAAvJAuU ^UoAUviAur Vjv^CvjUUAvioU UoAA XVaUAUAuA 


8377 


1 1 on 


/^TTnTTTTTTi^/^ TT r'RrWARr* 


978 


r«TnTr2/v2TTP PTTr«ATTr»An nrTT^ftiTAfif^n /"vsaa Tr»AAar«Ar^ 


8378 


ll9b 


liuUvwi,UuU A AULiLCUaU 


979 


nmrsnrsfur*!! ptt/^attt'a/s /tr^rvsnmrsfif^ rfih.^ Tfv^ir*^r*^ 


8379 


i 1 oo 


UaUvjwiAU L. UULJaUIJoV? 


980 




8380 


X2UU 


Tkrv^r'ikikPr' P r*r^7vr*iTiTPTT 


981 


ArT'AfTTf^n fTTrtATTrt-Afi. noprcTTTTAr'r'p r«nAA TrTTTTrirr'TT 
AUuAuUVaVj ^UoAUoAtJ uV.WV7UUAUi3U ^UAA XuUUliUOU 


8381 




L.(.jWiAUU^ U iJA^UUvjUU 


982 


AAv^UAoUo CUoAUviAo urt^t-uUUAtioL. UoAA XuuUUlii^o 


8382 




arr^rr* arTiri/^TTT/^ 


983 


r«A A/^riAraTT PTTr»ATTr'An r'r'r'nTTTTBr'/^r' r^/^AA T^^!/2r*TTrTr'r' 


8383 


x^U J 


UAAV..L.UL.I. A L.Uu\3UUV3V7 


984 


L.V.AAUVJAV7 L-UUcAUVxALt lil..L.urULIAl:yl^U UviAA XV9\il9\jUUu 


8384 


1 one 




985 


L.L.L.UAAL.L. CUoAUUAo oL.t-LiUUAv7tSU UtsAA X UurVTVTVjijU 


8385 


1 oi c 


f^Tiinr*nr*r* tt TTr!i^r»r«&T'TA 


986 


TTATT^V^/**/^A /^TA^ATTOAA^ /^/^r*^TTTTA/V^ Or»AA TO/^r»OAAO 

UAUGV3(..(JA L.UuAU(iA(j (sL-^oIJUAVjIju L.\jAA X^CLUAAU 


8386 


n oo n 


UUCUUuuL. L. AUAuuCuA 


987 


TT^jfy*/**! T ATT ^^TOATTr^A^ /ir*/V*nTTArT»r« r'/^AA T^^^'AAn^r' 

UoouCUAU CUUAUutAlu GCiJVtUUAuGU L.V3AA XL.uAAurCC 


8387 


1221 


GCUUGGCC A UAUGCCAU 


988 


ATT/^/*»^^^TA /^Tr»ATT/l»^ /^^/V^TITTA/^/^/^ /"VSAA A A/5/^ 

AUGGCCUA CJUGcAUGAG GCCGUUAGGC CX3AA xGCCAAGC 


8388 


1227 


CCAUaGGC C AUCaGCGG 


989 


GCGCUGAU CUGAUGAG GCCGUUAGGC CGAA xCCuAUGG 


8389 


1228 


tJAUAtiCat-v- A UCJAijuurUA 


990 


UOvJviCUtaA CUGAUCaAij UCt-VaUUAvaGC L.0AA XoL.v.,UAU\j 


8390 


1 OO 1 

X23X 


AGGCCAUw A GCGGAUGC 


991 


f^r*TiTjr*/^r*r* ^^i/^AiT/^Ar' /5o/^otttta/3/^/^ ^v^aa t AiT^/^tor*rT 


8391 


X2JO 


AT T/^ A ("arvar* a tto rv^TTfar* a 
AUUAUCatU a UGUlaUvaoA 


992 


TTr*f^A r<r»/^A /^tr«ATTr«Ar* fto<v^iTTA/5r»^ /vaa Trvr«noATi 
UCUaCGCA UUGAuGAG GCCvtUUAGGC CGAA XwGCUGAU 


8392 


1247 


r*rnir*f^ a a r* r* ttt TTTr'TTr*TTr' 


993 


^A^A^AAA /^Tr«AfT/^A^ ^^^^TTTTAr^^*^ /^/^AA TTTTT^^AOO 

GAvJA(_AAA CUIjAUCxAvj IjUCIjUUA(3(jU CciAA XUUuUAUV> 


8393 


1 O A Q 


OTTrT'A A»**P» TT TTTTr'TT/^Ttr^T 


994 


AOAOAr'AA ^^Tr» ATTO A#^ O/^^/^TTTTA/T/^r^ /^/^AA Tr^TTlTf^OAr^ 

AGAuALAA UUGAUliAV? uULiVjUUAViljU UurAA XV9UUL>wiU 


8394 


1 occ 


TTTTTTr!TvaTTr» tt r*f^if^Trtr*r* 


995 


GVjLAGAoQ? UUbAUUAIjr uULajUUAGUU wGAA XALal>AAA 


8395 


1258 


UGUGUCUC C UCUGCCX3A 




UCGGCAGA CUGAUGAQ GCCGUUAGGC CGAA lAGACACA 


8396 


1259 


GUGUCUCC U CUGCCGAU 


997 


AUCGGCAG CUGAUGAG GCCGUUAGGC CGAA IGAGACAC 


8397 


1261 


GUCUCCUC U GCCGAUCC 


998 


GGAUCGGC CUGAUGAG GCCGUUAGGC CGAA lAGGAGAC 


8398 


1264 


UCCUCUGC C GAUCCAUA 


999 


UAUGGAUC CUGAUGAG GCCGUUAGGC CGAA ICAGAGGA 


8399 


1269 


UGCCGAUC C AXJACCGCG 


1000 


CGCGGUAU CUGAUGAG GCCGUUAGGC CGAA lAUCGGCA 


8400 


1270 


GCCGAUCC A UACCGCGG 


1001 


CCGCGGUA CUGAUGAG GCCGUUAGGC CGAA IGAUCGGC 


8401 


1274 


AUCCAUAC C GCGGAACU 


1002 


AGUUCCGC CUGAUGAG GCCGUUAGGC CGAA lUAUGGAU 


8402 
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1003 




8403 






1004 


AfsnnnrfTA a'xfibxici'hfi ftnrvTTTTTArtfar' rvsnii TamTTirTYS 


8404 






1005 


2varspf3f2/^T /^Tr«aTTr»a/^ rtr</'V2iTTTar!r»o oir'aa T/sa/WTTT/^i^ 


8405 






1006 


UUUAUurAU VjL,U(jUUAGOL. L-vaAA XUUAoGAvj 


8406 






1007 


GLAAAACA CUGAUGAG GCCGUUAGGC CGA^i xCGGCUAG 


8407 






1008 


/^TOPiTn^v^ ^T/^aTtr^a/^ ^or*/^TTf Ta/v/^ onaa T^aaaa/^a 
^U(aV»UvjVA7 v«UGAUGA\7 <jL.cGUUAGGL UGAA ILAAAACA 


8408 


lint; 
X J uo 




1009 


a/^a/^r^T^/^ rtT/^aTT^a/^ r*f^r*f^jm<r*r*t^ /^/^aa T/^r^a/*«^n tv 
AtaALLuGt. LUGAUGAG GCCGUUAGGC CGAA ICGAGCAA 


8409 


X JUO 




1010 


i^/^^a/^ TV T/^ TV T Tmv /*» ^/^/^i^TTTTTV ^/^/^ /"Vl TV TV T/^T/^/^^«« 

CCCAGACC CUGAUGAG GCCGUUAGGC CGAA ICUGCGAG 


8410 


X JX J 




1011 


ITtTflf^r^r^r^f* /^t/^tvtt/^^/^ /^(^/"i/^tttta ^/^/^ r^r^T\Ti. t tv /^y^T/^/TTT 

UUUo^-LCL. LUGAUtaAb bCLGUlJAGGL. LbAA. lACCUGCU 


8411 


X^ X^ 




1012 


TV TTr^ » /*ITTTTTT OTT/^ ft TTr' TV <^ /^/^n^TTT TTV /*V^a Tl X r^/^i^i^ TV TV 

AUGAGUUU CUGAUGAG GCCGUUAGGC CGAA ICCCCAGA 


8412 






1013 


TT/^/^f^/^TVTT^ T/^ TV T T/^ A /"« /*«/^^V^TTTTV /^/^/t /H^TV TV TTtTTrTrT«y*lr^ 

UCCUGAUG CUGAUGAG GCCGUUAGGC CGAA lUUUUGCC 


8413 






1014 


AGUCCCGA CUGAUGAG GCCGUUAGGC CGAA lAGUUUUG 


8414 




aTT/^^/V"*aO TT i*»1V/^A UTTTTO 


1015 


GAAUUGUC CUGAUGAG GCCGUUAGGC CGAA lUCCCGAU 


8415 


1338 


GGACuGAC A AUUCUGUC 


1016 


GACAGAAU CUGAUGAG GCCGUUAGGC CGAA lUCAGUCC 


8416 


1343 


GACAAUUC U GUCGUGCU 


1017 


AGCACGAC CUGAUGAG GCCGUUAGGC CGAA lAAUUGUC 


8417 


1351 


UGUCGUGC U CuCCCGCA 


1018 


UGCGGGAG CUGAUGAG GCCGUUAGGC CGAA ICACGACA 


8418 


X Jb J 


TT/^/^TT^^1TT^ TT /^^W^^H IV K 

UCGUGCuC U CCCXjCAAA 


1019 


UUUGCGGG CUGAUGAG GCCGUUAGGC CGAA lAGCACGA 


8419 


1355 


^*TTT/^/^T/*trTr^ ^/^^1V « TT4V 

GUGCuCuC C CGCATVAUA 


1020 


UAUUUGCG CUGAUGAG GCCGUUAGGC CGAA lAGAGCAC 


8420 


1 "3 C f 


UGCUCUCC C GCAAAUAU 


1021 


AUAUUUGC CUGAUGAG GCCGUUAGGC CGAA XGAGAGCA 


8421 


X337 


UCUCCCGU A AAJAUACA 


1022 


UGUAUAUU CUGAUGAG GCGGUuAGGC CGAA XCGGGA0A 


8422 


1 OiC*? 
UO / 


AAAUAUAC A UCAUUUCC 


1023 


GGAAAXJGA CUGAUGAG GCCGUUAGGC CGAA lUAUAUUU 


8423 


/u 


TTaTTa/^aTTr» a TTnTTor»ATT/^ 
UAUAuAUU A UUUL^uAUl? 


1024 


i^aTTr*^aaa /itT^aTT^a^ ^^/wttttiv n/^^ rv^«iv •PTvrTArrTTvTTTt 

CAUGGAAA CUGAUGAG GCCGUUAGGC CGAA lAUGvUAUA 


8424 


1 o n c 
XJ /b 


aTT^^TVTTTTTT/^ ^ 1\TT/^^^^Ty^i^ 

AUUAUUUL t- AUGCjCUGC 


1025 


GCAGCCAU CUGAUGAG GCCGUUAGGC CGAA lAAAUGAU 


8425 


/o 


TT^aTTTTTTO^ K TT/?!/?/^T/^<^T 

ULAUUUCC A UGGCUGCU 


1026 


AGCAGCCA CUGAUGAG GCCGUUAGGC CGAA IGAAAUGA 


8426 


13ol 


UCCAUGGC u GCuAGGCU 


1027 


AGCCUAGC CUGAUGAG GCCGUUAGGC CGAA XCCAUGGA 


8427 


1384 


AUGGCUGC U AGGCUGUG 


1028 


CACAGCCU CUGAUGAG GCCGUUAGGC CGAA ICAGCCAU 


8428 


1389 


UGCUAGGC U GuGCUGCC 


1029 


GGCAGCAC CUGAUGAG GCCGUUAGGC CGT^ ICCUAGCA 


8429 


1 O Oil 

1394 


GGCuGUGC U GCCAACUG 


1030 


CAGUUGGC CUGAUGAG GCCGUUAGGC CGAA ICACAGCC 


8430 


1337 


UuuGCUGC C AACUGGAU 


1031 


AUCCAGUU CUGAUGAG GCCGUUAGGC CGAA ICAGCACA 


8431 


1398 


GUGCUGCC A ACUGGAUC 


1032 


GAUCCAGU CUGAUGAG GCCGUUAGGC CGAA IGCAGCAC 


8432 


X4UX 


CUoLUAAC U C:iGAUCUUA 


1033 


UAGGAUCC CUGAUGAG GCCGUUAGGC CGAA lUUGGCAG 


8433 


1407 


ACUGGAUC C UACGCGGG 


1034 


CCCGCGUA CUGAUGAG GCCGUUAGGC CGAA lAUCCAGU 


8434 


x4Uo 


UUlaGAULC U ACGCGGGA 


1035 


UCCCGCGU CUGAUGAG GCCGUUAGGC CGAA IGAUCCAG 


8435 


1421 


GGGACGUC C UUUGUUUA 


1036 


UAAACAAA CUGAUGAG GCCGUUAGGC CG7A lACGUCCC 


8436 


1422 


GGACGUCC U UUGUUUAC 


1037 


GUAAACAA CUGAUGAG GCCGUUAGGC CGAA IGACGUCC 


8437 


1434 


UUUACGUC C CGUCGGCG 


1038 


CGCCGACG CUGAUGAG GCCGUUAGGC CGAA lACGUAAA 


8438 


1435 


UUACGUCC C GUCGGCGC 


1039 


GCGCCGAC CUGAUGAG GCCGUUAGGC CGAA IGACGUAA 


8439 


1444 


^TYn^^H^^n^ TY *Wk ^^^^^^^ 

GUCGGCGC U GAAuCCCG 


1040 


CGGGAUUC CUGAUGAG GCCGUUAGGC CGAA ICGCCGAC 


8440 


1450 


GCUGAAUC C CGCGGACG 


1041 


CGUCCGCG CUGAUGAG GCCGUUAGGC CGAA lAUUCAGC 


8441 


X43X 


CUGAAUCC C GCGGACGA 


1042 


UCGUCCGC CUGAUGAG GCCGUUAGGC CGAA IGAUUCAG 


8442 


X4dx 


UGvaACUAL C CCUCCCGG 


1043 


CCGGGAGG CUGAUGAG GCCGUUAGGC CGAA lUCGUCCG 


8443 




GGACGACC C CUCCCGGG 


1044 


CCCGGGAG CUGAUGAG GCCGUUAGGC CGAA IGUCGUCC 


8444 


1463 


GACGACCC C UCCCGGGG 


1045 


CCCCGGGA CUGAUGAG GCCGUUAGGC CGAA IGGUCGUC 


8445 


1 ACA 

X4b4 


AuGAL-UCL. U V-CCGUCjGC 


1046 


GCCCCGGG CUGAUGAG GCCGUUAGGC CGAA IGGGUCGFU 


8446 


1466 


GACCCCUC C CGGGGCCG 


XU*t / 


CGGCCCCG CUGAUGAG GCCGUUAGGC CGAA lAfiGGnuC 


8447 


1467 


ACCCCUCC C GGGGCCGC 


1048 


GCGGCCCC CUGAUGAG GCCGUUAGGC CGAA IGAGGGGU 


8448 


1473 


CCCGGGGC C GCUUGGGG 


1049 


CCCCAAGC CUGAUGAG GCCGUUAGGC CGAA ICCCCGGG 


8449 


1476 


GGGGCCGC U UGGGGCUC 


1050 


GAGCCCCA CUGAUGAG GCCGUUAGGC CGAA lOGGCCCC 


8450 


1483 


CUUGGGGC U OJACCGCC 


1051 


GGCGGUA6 CUQAUQAQ GCCGUUAGGC CGAA ICCCCAAG 


8451 


1485 


UGGGGCUC U ACCGCCCG 


1052 


CGGGCGGU CUGAUGAG GCCGUUAGGC CGAA lAGCCCCA 


8452 


1468 


GGCUCUAC C GCCCGCUU 


1053 


AAGCGGGC CUGAUGAG GCCGUUAGGC CGAA lUAGAGCC 


8453 
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1054 


vaA(jtAAV3\»V3 L> JuiAUVxA.l9 UrV.V.rvUUAVjV7^ ^^oAn XV^uVjUAtjA 


8454 


1 A 


rTTh.nnrT*n n ftrriTTPTTPP 


1055 




8455 




f^r*finf^t^r*r^ tt TtrTTPPrtPP 


1056 


isViLAivxAuA L.UuAUUAU uv,UuUUAGGL. UUAA J.V<liUo^uo 


8456 






1057 


Tmnnnnnn pripaiT/^ao nnprTTiTBrTip rri'&'h T7vappr!^2/2 


8457 


1 c n A 




1058 


PlVIVTTa/^PP /^TPATTPAP ^2PPPTTrTJ\^r<P PPRR TJVPARPPP 

LAAUAGtaV^ UUviAUljAu liCUUUUAbGU UurAA lAuAAbCu 


8458 


J.9U J 


TTTTr»TTr«/^pr" TtaTTTTrTTar' 


1059 


l^UALAAUA UUlsAUwU? IjCCVsUUAGvsL- L.irAA IL.UV7AIJAA 


8459 


J.DU4 


TT/^TPPP/^P TT 7VTTfTr»TT?kPP 


1060 


PPTTAPRJVTT PTTPATTPAP riP^i^TTTTAP/^P PPA& TPP/'V«J\/^a 

VjrUUAuAAU UUGAUVjAG tiCt,tjUUACaGC LVjAA KjUGoAGA 


8460 




TTaiTTTr'TTnr' r* rmrr^r^urT' 
uAUUvsUAL. L. CiAL-l^oULL. 


1061 


A r'^VSTTP PTTOATTr'AO ^rt^rtTTTTA/^/**/^ r'/^AA TTTAOAATTA 


8461 






1062 


PPPTKTPBP I^Tr'ATTPAr* fl/^r^r^TITArTT' r^PAA TTT^^iTOTTAO 

UL.\jUL3<jAU V-UoAUoAo tii-L.\jUUALj(jC L.ljAA lULUoUAL. 


8462 






1063 


CGCCCCVjU CUGAUGAG GCCGUUAGGC CGAA iacggucg 


8463 


1521 


GACCGUCC A CGGGGCGC 


1064 


GCGCCCLG CUGAuGAG GCCGUUAGGC CGAA IGACGGUC 


8464 


1530 


CGGGGCGC A CCUCUCUU 


1065 


AAGAGAGG CUGAUGAG GCCGUUAGGC CGAA ICGCCCCG 


8465 


1532 


GGGCGCAC C UCUCUUUA 


1066 


UAAAGAGA CUGAUGAG GCCGUUAGGC CGAA IUGC6CCC 


8466 


1533 


GGCGCACC U CUCUUUAC 


1067 


GUAAAGAG CUGAUGAG GCCGUUAGGC CGAA IGUGCGCC 


8467 


1535 


CGCACCUC U CUUUACGC 


1068 


GCGUAAAG CUGAUGAG GCCGUUAGGC CGAA lAGGUGCG 


8468 


1537 


CACCUCUC U UUACGCGG 


1069 


CCGCGUAA CUGAUGAG GCCGUUAGGC CGAA lAGAGGUG 


8469 


1548 


ACGCGGAC U CCCCGUCU 


1070 


AGACGGGG CUGAUGAG GCCGUUAGGC CGAA lUCCGCGU 


8470 


1550 


GCGGACUC C CCGUCuGU 


1071 


ACAGACGG CUGAUGAG GCCGUUAGGC CGAA lAGUCCGC 


8471 


1551 


CGGACUCC C CGUCUGuG 


1072 


CACAGACG CUGAUGAG GCCGUUAGGC CGAA IGAGUCCG 


8472 


1552 


GGtACUCCC C CSuCUGuGC 


1073 


GCACAGAC CUGAUGAG GCCGUUAGGC CGAA IGGAGUCC 


8473 


1556 


UCCCCGUC U GUGCCUUC 


1074 


GAAGGCAC CUGAUGAG GCCGUUAGGC CGAA lACGGGGA 


8474 


1561 


GUCUGUGC C UUCUCAUC 


1075 


^^TT^i^^ln 1i ^ITT^^TT^^ M ^*l^t^.^WTy TTk ^^^^^^ ^^#^TI, ^^«^^TV^^«^ 

GAUGAGAA CUGAUGAG GCCGUUAGGC CGAA ICACAGAC 


8475 


1562 


UCUGUGCC U UCUCAUCu 


1076 


AGAUGAGA CUGAUGAG GCCGUUAGGC CGAA IGCACAGA 


8476 


1565 


GUGCCUUC U CAUCUGCC 


1077 


6GCAGAUG CUGAUGAG GCCGUUAGGC CGAA lAAGGCAC 


8477 


1567 


GCCUUCUC A UCUBCCGG 


1078 


CCGGCAGA CUGAUGAG GCCGUUAGGC CGAA lAGAAGGC 


8478 


1570 


UUCUCAUC U GCCGGACC 


1079 


GGUCCGGC CUGAUGAG GCCGUUAGGC CGAA lAUGAGAA 


8479 


1573 


UCAuCUGC C GGACCGUG 


1080 


CACGGUCC CUGAUGAG GCCGUUAGGC CGAA ICAGAUGA 


8480 


1578 


UGCCQGAC C GUGUGCAC 


1081 


^TT^mv^iv^ ^it t/^ TV T iv ^1 ^^^i^yttt ttv /"w^iKm wv^r^^mn* 

GUGCACAC CUGAUGAG GCCGUUAGGC CGAA lUCCGGCA 


8481 


1585 


CCGUGUGC A CUUCGCUU 


1082 


AAGCGAAG CUGAUGAG GCCGUUAGGC CGAA ICACACGG 


8482 


ICQ'? 

1587 


^T V^T^^Tl ^ TT TT^^PTTTTr^TV 

GUGUGCAC U UCGCUUCA 


1083 


UGAAGCGA CUGAUGAG GCCGUUAGGC CGAA lUGCACAC 


8483 


1592 


r^TV ^^TTT^V^r^ TT TT/^ A O/^T^TrT 

CACUUCGC U UCACCUCU 


1084 


TV/^ TV ^/^T^TV /TT TO ^ T T/n TV Oi'W^TTrTTV 0/~IO **VT1V TV TT /-»0 TV » Or TO 

AGAGGUGA CUGAUGAG GCCGUUAGGC CGAA ICGAAGUG 


8484 


1595 


UUCGCUUC A CCUCUGCA 


1085 


T T/^ TV ^ /ni /TT T/^ TV T ^ AT ^| A^^T^tT TT TTV ^/^AT AT TV TV ^ TV TV ^ Tl TV 

UGCAGAGG CUGAUGAG GCCGUUAGGC CGAA lAAGCGAA 


8485 


1597 


CGCUUCAC C UCUGCACG 


1086 


/ 1^ 1 TAT 'WL H T^l ^ T TAT ^ AT A^ ^ A^t/^T TT TTV AT AT AT TV TV ^TT'A*« TV TL A"IAT^>t 

CGUGCAGA CUGAUGAG GCCGUUAGGC CGAA lUGAAGCG 


8486 


1598 


GCUUCACC U CUGCACGU . 


1087 


ACGUGCAG CUGAUGAG GCCGUUAGGC CGAA IGUGAAGC 


8487 


1600 


UUCACCUC U GCACGuCG 


1088 


CGACGUGC CUGAUGAG GCCGUUAGGC CGAA lAGGUGAA 


8488 


1603 


ACCUCUGC A CGUCGCAU 


1089 


AUGCGACG CUGAUGAG GCCGUUAGGC CGAA ICAGAGGU 


8489 


1610 


CACGUCGC A UGGAQACC 


1090 


GGUCUCCA CUGAUGAG GCCGUUAGGC CGAA ICGACGUG 


8490 


1618 


AUGGAGAC C ACCGUGAA 


1091 


UUCACGGU CUGAUGAG GCCGUUAGGC CGAA lUCUCCAU 


8491 


1619 


UGGAGACC A CCGUGAAC 


1092 


GUUCACGG CUGAUGAG GCCGUUAGGC CGAA IGUCUCCA 


8492 


1621 


GAGACCAC C GUGAACGC 


1093 


GCGUUCAC CUGAUGAG GCCGUUAGGC CGAA lUGGUCUC 


8493 


1630 


GUGAACGC C CACAGGAA 


1094 


UUCCUGUG CUGAUGAG GCCGUUAGGC CGAA ICGUUCAC 


8494 


1631 


UGAACGCC C ACAGGAAC 


1095 


GUUCCUGU CUGAUGAG GCCGUUAGGC CGAA IGCGUUCA 


8495 


1632 


GAACGCCC A CAGGAACC 


1096 


GGUUCCUG CUGAUGAG GCCGUUAGGC CGAA IGGCGUUC 


8496 


1634 


1\ i^/^^^/^lV ^ TV r*f^ TV TV r^/^TT^ 

ACGCCCAC A GGAACCUG 


1097 


CAGGUUCC CUGAUGAG GCCGUUAGGC CGAA lUGGGCGU 


8497 


1640 


ACIAGGAAC C UGCCCAAG 


1098 


Vi»VUv30\7^»A \.l.lV3rlU\3nw Ov>^wU UaUV3^ XUU\«^UVjU 


8498 


1641 


CAGGAACC U GCCCAAGG 


1099 


CCUUGGGC CUGAUGAG GCCGUUAGGC CGAA IGUUCCUG 


8499 


1644 


GAACCUGC C CAAGGUCU 


1100 


AGACCUUG CUGAUGAG GCCGUUAGGC CGAA ICAGGUUC 


8500 


1645 


AACCUGCC C AAGGUCUU 


1101 


AAGACCUU CUGAUGAG GCCGUUAGGC CGAA IGCAGGUU 


8501 


1646 


ACCUGCCC A AGGUCUUG 


1102 


CAAGACCU CUGAUGAG GCCGUUAGGC CGAA IGGCAGGU 


8502 


1652 


CCAAGGUC U UGCAUAA6 


1103 


CUUAUGCA CUGAUGAG GCCGUUAGGC CGAA lACCUUGG 


8503 


1656 


GGUCUUGC A UAAGAGGA 


1104 


UCCUCUUA CUGAUGAG GCCGUUAGGC CGAA ICAAGACC 


8504 
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1666 


AAGAGQAC U CUtTCSGACU 


XXvb 


AQUCCAAG CUGAUGAG GCCGXJUAGGC CGAA lUCCUCUU 


ODUD 


1668 




1106 


AAAGUCCA CUGAUGAG GCCGUUAGGC CGAA lAGUCCUC 


Q C AC 

o^Uo 


1674 


UCtJUfSGar? TT TTTTryiGCAA. 


1107 


UUGCUGAA CUGAUGAG GCCGUUAGGC CGAA lUCCAAGA 


Q C A*7 


1678 


RGAOTT7TTP a GPaZXTTf^Tir 


1108 


GACAUUGC CUGAUGAG GCCGUUAGGC CGAA lAAAGUCC 


8508 


1681 




1109 


GUUGACAU CUGAUGAG GCCGUUAGGC CGAA ICUGAAAG 


6509 


xoo / 




1110 


UPGGUPGU CUGAUGAG GCCGUUAGGC CGAA lACAUUGC 


8510 


1 KQ"* 




1111 


UCAAGGUP CUGAUGAG GCCGUUAGGC CGAA lUCGUUGA 


8511 


XOj7 / 


pnappnap p TTTifszifMPa 


1112 


TTGPPriPAA PITGATTRAG GPPGTITIARGP PGAA TUPGGUCG 


8512 






1113 


AUGCCUCA CUGAUGAG GCCGUUAGGC CGAA IGUCGGUC 


8513 


1705 


PTTTTRARGP A TTAPT7TTPAA 


1114 


UUGAAGUA CUGAUGAG GCCGUUAGGC CGAA ICCUCAAG 


8514 


X / \J3 


APTJPATTAP TT TTPAAAfSAr* 


1115 


GUCUUUGA CUGAUGAG GCCGUUAGGC CGAA lUAUGCCU 


8515 


X / 


PATTAPITTTP A AAnAPTtniT 


1116 


APA(TTTPTTrT PTTRATTnAG GPPTlTTTTAf^GP PGAA TAAGTTATTG 


8516 


X 1 Xcf 


TTP&Aa/2AP TT rsttfiiinj'mTT 


1117 


AiAPAPAP PITRATTflAO riPP/^TlTTAfZnP Pf2AA TTTPITITTT^A 
aAAVmALIav* lMUuAUV3n,V9 V3L>V.VjUUi^V7V7V^ v^VJAn XUUUUUOa 


8517 


J. /027 




1116 


ITAfTTTaPAA PfTlfSATTrtAr! PPPnTTTTannP PnAA TAPPTTITTTA 
UAuUALAA CUvaAUoAvar uUWVjrUUAuuu vAsAA XAL.U^UUUA 


8518 


T TIC 




1119 


AuL.LUv.L.U UUvjAUoAu oUUvjU UAtJviU UoAA XUAL.AAAL7 


8519 


1 lO A 

1 /d4 


TTTV/^/^ A^l/^O TT /^TTTVrV^r'TVTT 


1120 


ATTr'rTTTnr' rtTr'TiTT/ia/^ r'/^/^rrrTrTRn/i/^ r«r«aa TnmTrr'TTR 


8520 




L.U\jUAlj\jL A UAAAUUtjvj 


1121 


L.L.AAUUUA V-UvjAUerAo vaL,\JvjUU/iL»vjL- L-LlHA XUCUAL^vj 


8521 


JLoU / 


r'TTntir'TTiTi^ a i^r't^.t^r^i^r^r' 


1122 


cir^jrimtrLCL nT^tiaiTnar' r^r^r^xx^jT^cinc o^^aa Taar'ar'ar' 

VjvvUVjV^Uoo UUuAUVjiWj \?L>vA7UUAVjoV.. Oui/vi XiiAwWJAC 


8522 




fSTTrtTTTTPAP P a/^PAPPATT 


1123 


ATT<^TT/^IPTT PTTi^ATTHAn nPPnTTTTAr!<TP PHI A A TTTfTJAAPAP 


8523 




IKTTTTTPAPP A r^PAPPATTM 


1124 


PATTflf2TTnP PITRATTrZArS nPPnTTTT2XnGP Pf3AA TGTTGAAPA 


8524 




TTPAPPAGP A PPAfTGPAA 


1125 


IITTGPATTGG PTTGATTGAG GPPGTTTTAnGP CG2LA TCITGGTTGA 


6525 


X DX3 


APPAfSPAP P ATTTM^AAPIT 


1126 


AGTITTGPATT PTTGATTGAG GPPnTTTianfir CYSAA TUBPTTRGIT 


8526 


XOXO 


PPAflPAPP A TTfXPAAPIITT 


1127 


AAHTTTIGPA PITGATTGAn RPPfTTTUAnGP PRAA TGTTGPTTGG 


8527 


XOtbU 


PAPPAITfSP A APITTTTTTTTTP 


1128 


nAAAAARTT PITGATTGAITt fZPrV3TTTTAnf3P Pf3AA TPATTGHTTG 


8528 


XD^O 


PATTflPHAP TT TTTTITTTP A PP 


1129 


nnTTflAAAA PTTRATTRAfS fSPPnTTfTACWP PfSAA TITTTfllPATTrt 


8529 


1 Q O Q 


aPTTTTITrTTTP A PPTTPTinPP 


1130 


pnpArsapn PiTRAiTRan mpprsTTiTARnp pnaA TaAaAarziT 

VjljL>AoA\JVr L.UUnUOnu \jCUuUUAv30U V^utAn, XA/iAnAVjU 


8530 




TTTlTTTTTTr'ar' r» TT^Ti^rTTTa 


1131 


TTartrtnariA PTTiTiaiTRAR fippntTTTARnp pnaA TTTnaaaaa 

UAVJVJWivaA V^UUiAUViAu ov^i^uUUAuUU WoAA XUVjAAAAA 


8531 


Xo 


TTflTlTTr'Il Pr" TT PTTlTSr'PTTJMl 


1132 


TTiTar!/3Pa/a PTTfiiaiTrtan rar^PfHTTTa/irtn p/^aa TmT/iaa&a 

UUAuIjUuS L>UUAU(^AU Ud^iUUUAUuU ^AXAA XuUUtAAAA 


8532 


1 filA 
XOJ4 


TTTTPAPPITP TT fSPPTTAATTP 


1133 


rSATTTTArSnP PTTRATTrSAR RPPTKmAimP PnAA TArSTZTTRaA 


8533 


XqO / 


APPfTPTTTSP P TTAATTPATTP 


1134 


RATmATTTTA PTTrtATTrtAn f^PPHTTf TAfi/SP rVSAA TPAnA/T!flTT 


8534 


Xo J O 


r^minrmnr* tt aaiT/^BTTrTT 


1135 


anaiinaTTTT PTTi^aiTrta^ ^.^*^^sl^^^'h.<'2n^* r^raaa 'Tfl^*'h.m^rln 


8535 


1 a A o 


I^Pr^TZkMTP A TTPITPaTTfUT 


1136 


APaTTrzanA PTT/iATTnan nppniTTTAimp pnaa TAtnTArtrsp 

AWiUvxAUA WUUtAUUAVj uUVmVjUUAuuU CVaAA XJt\\J\JJnijSj/\^ 


8536 


1 AAA 


TTAAITPATTP Tl PATTfZIITTPA 


1137 


TTRAAPATTR PTTnATTTSAR f3PPni7TTAOf3P PfSAA TATTHATTTTA 


8537 


1 Q A Q 


ATTnAnmp a nrnTTTPiiTTn 


1138 


paiTnaapa PTTnAiTRAR nppniTiTARnp Pfsaa TArtaTTrsaTT 


8538 


1 Q C A 


TTr'ATTrtTTTr' Ti^ TTrTTrTTTAr' 


1139 


f2TTaf3n.ar'a r^tnatTrtart. cLf^ncsuiy'^cijnn rvaaa Taar^aiTna 
V3UAv3ViAv>A v^VJuAUoAV? V3V.UvjUUA\iov. VJVvAA XAACAuviA 


8539 


loco 


TTTTr'atTTTTr' r* ii^nxnm^r* 


1140 


(jAAuAvjrUA UUvjAUiiAO IjUUvsU UAVjLjL. UviAA XAUAUtjAA 


8540 


XooU 


TTr'ATT/^TTr*/^ TT 7\ r»TT/^TTTTr«2V 


1141 


TT/^Aa/^ar'TT ^^Tr'RTT/^a/^ /^/^/^rTTTTarTT* i'v^Ra Tf^JvoaTT/^a 
UVjAAuAuU UUtiAUCiAvj Ut-t-QalJUAtjljU UviAA XtaAuAUvjA 


8541 




TTrTT/^/^TftO TT f^Ttir'A'Ani^ 

UbUCL-UAL. U (jUULJiAibC 


1142 


/^rtTTT/^a ar» /^Tr^aTT/^ar" no/^/^TTTarv^o /"v^na TiTarv^a/^a 
VsL^UUbAAU UULiAUCiALj viL.L.VjUUAyot- UUAA XUAtjviAUA 


8542 


Xobo 


TTarTT/^TTTr* » ndT^rTinr^'R. 


1143 


TTr«r'ar5/^r*TT rTTnaTT/^an r*r*r*rsxxx'^'hr*fin rv^aa xaar^anTa 
UljvaAuuUU dJUAUvxAU (jL.CuUUAuuv. UVtAA XAAUAvvUA 


8543 


1 0*70 

Xo / ^ 


niTT/^jvn/ir* r* TTr»r*Ji2inprT 
uUUCAAuC W UW>V«AAuv>U 


1144 


ararfTTT^^u^a PiTrsaTtnart nr^r'/^TTTtars/^r* r*naa TrfTTTnaar* 


8544 


Xo / O 


tTTTr<M1^3/^r' TT I^OAa./V^T/Tl 


1145 


f^^njntxiifzr* rtiriaTTPan nr»r^r!TTTTa/'3/ir« rv^aa Tfiw^TrTr«aa 
wvjCUIJviV? CUviAUUAVs Viuv^V7UUAovjv« WlaAA Xv9\»UUoAA 


8545 


Xo /D 


n^T^fiTTTif r* a arTTT/^TT/^ 

WxAlTv^t^UV^ AAoUUuUv? 


1146 


PAPARrTTTT PTinaTTfiaR ppprmiTAiT/^p Prtaa TapnPTTTTrt 


8546 


Xo /D 


aanpPTTPP a anrTT/^TTfSP 


1147 


/^par'ar»r'TT nTriflTTnan nr^nnj'm'hn.nr* rriaa t nti.nnnfTit 


8547 


XooU 


r'Tirr'n a/^T" it minnci'Xi'iCl 

l_UL.V»./iAUrv». L> IjUwL.UUUO 


1148 


PAa/TRPAP PTTPATTrtAn RPPnTTTTAfi/^P rViaA TPTTTinRAR 
LJH/lVJVjW^V«> \^\J\si\\J\3i\\s ot.L'OUUAuv?^. kv\3Arv Xv^UUUVsAVj 


8548 


1885 


AGCUGUGC C UUGGGUGG 


1 1 A Q 
XX^J 


CCACCCAA CUGAUGAG GCCGUUAGGC CGAA ICACAGCU 


0 C A 0 


1886 


GCUGUGCC U UGGGUGGC 


1150 


GCCACCCA CUGAUGAG GCCGUUAGGC CGAA IGCACAGC 


8550 


1895 


UGGGUGGC U UUGGGGCA 


1151 


UGCCCCAA CUGAUGAG GCCGUUAGGC CGAA ICCACCCA 


8551 


1903 


UUUGGGGC A UGGACAUU 


1152 


AAUGUCCA CUGAUGAG GCCGUUAGGC CGAA ICCCCAAA 


8552 


1909 


GCAUGGAC A UUGACCCG 


1153 


CGGGUCAA CUGAUGAG GCCGUUAGGC CGAA lUCCAUGC 


8553 


1915 


ACAUUGAC C CGUAUAAA 


1154 


UUUAUACG CUGAUGAG GCCGUUAGGC CGAA lUCAAUGU 


8554 


1916 


CAUUGACC C 6UAUAAAG 


1155 


CUUUAUAC CUGAUGAG GCCGUUAGGC CGAA IGUCAAUG 


8555 
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1935 




1156 


iTPPJ^piriA pTTnATTf^An npprsTTnArjnp phaa tpttppaaa 


8556 






1157 


AZiPlTPPAP PTTnaTTnaO nPPrJTTTTAnnP nCSih.'h XaAfiPTTPP 


8557 






1158 


ni^ikiMknAfs piTnATinivn fippfiTtTTAnrtp p^iaa tttai^pitpp 

aaAaAuAV^ LiUUaUwau V3V^L.VjU U AoOv> LAaAA XUaAUUUL. 


8558 


1951 




1159 


PATXAATlAn PITRZiTinan RPPniTTTAnnP PRAA TArmAaPTT 


8559 


1953 


UtJAPITPTTP TT TTTTTTTTTTnPP 


1160 


nnP2V&AA2V PTTfSATT/^Afil nPPnTTTTArt/TlP PfiAA TAriAHTTAA 
UV7wvUiMA ^UuAUUAVS l3UV^V7UUAV?V7x« wljAA ±AoAoUAa 


8560 




TTFTlIlllTIirSP P TTTIPITRHPIT 


1161 


HmTPARAll PITrSATT^AP rSPPPTTTTArS/lP PPAA TPAAAAAA 
AIjUwUjAA L.UuAUVjA(a ViV.UuUUAUuL. LAsAA xl^AAAAAA 


8561 


1962 


TITTfJTITiriPP TT TTPTTrjaPTTTT 


1162 


AAflTTPAHA PTTnATT^Af! flPPPT TIT A PflP PPAA TPPAAAAA 
t\ivj\j\.>n\3l\ V^UVjAUwAu oUl^sjUUAVjol^ L.OAA XV^UAAAAA 


8562 


1965 


tJUf5PPnTTP n f52^PTTTTPTTlT 


1163 


AAflAAfTITP PTTf3ATT/^An RPP/TTTTTArinP PflAA TAAfyiPAA 


8563 


1969 




1164 


Anr^AAAOA PTTr;ATTf5AR fjppnTTTTAfinp poaa TTTPAnaar3 


8564 


1972 




1165 


A(?AAf^AA PTTfJATTnA*^ nPPr^TTrTAfJfSP PRAA TAAHTTPan 
AVjxvlOsmA V«.Uu:/i.UV7AVj oV'\^vjUUAVjv7\^ L.\3AA ±AAVjU\JA\7 


8565 




PTTTTPITTTTTP P TTTTPTiaTTTTP 


1166 


fSAATTAr'AA OTTr* ATT/^Ar* /ir* rTH" TT TA n/V /^rtAA TAAar«AAr« 

VsAAUAvxAA L.UVjrAUvjAV3 uL,L.uUUAVjiiC CoAA XAAAvjAAv? 


8566 


1 Q77 


TTTTPTTTTTTPP TT TTPTTZlTTTTPr! 


1167 


rv^aATTar^B r«TTr«aTT/^ai^ /^r'/"V^TTTa/nr'/** r'vaaa t/?5i a a/^n n 
uUAAUAtjA V^UvsAUvjrALi uLLuUUAviOQ. UuAA xCaAAAVsAA 


8567 






1168 


UCUCGAAU UUGAUGAG GCCGUUAGGC CGAA lAAGGAAA 


8568 


1 QQ1 


TTpnfi/satTr^ tt r'/^T/^/^a/^n 


1169 


TT^TT^i^a^^ ^iTTnaTT/^a^ ^^^i^rrTiTA^/^^ ^f^^^ TiiTv/wT/*w^ii 
UQUCQAGU CUGAUGAG GCCGUUAGGC CGAA XAUCUCGA 


8569 






1170 


GGUGUCGA CUGAUGAG GCCGUUAGGC CGAA lAGAUCUC 


8570 




AVjAULUUL U CUAUALCli 


1171 


CGGUGUCG CUGAUGAG GCCGUUAGGC CGAA IGAGAUCU 


8571 


T Q Q Q 

±y yy 


UL.UUL.vjAL. a L.L-ot-L.UL.U 


1172 


AGAQGCGG CUGAUGAG GCCGUUAGGC CGAA lUCGAGGA 


8572 


o ri m 
^ u ux 




1173 


GCACzAGGC CUGAUGAG GCCGUUAGGC CGAA lUGUCGUVG 


8573 


7nfi4 




1174 


AGAGCAGA CUGAUGAG GCCGUUAGGC CGAA ICGGUGUC 


8574 






1175 


f^ArSAfS/^AA r*TT^ATTr* A/? f?<W^TTtA/^n^ f*AAA Tr^^V^/HTT/*rrT 

UALtAiiwiu UUUAUijAU C»(JLa9UUAGGC CGAA xGCGGUGU 


8575 


T A AT 
«UU / 


zvpprappTTP TT rimr*nmiii 


1176 


UACAGAGC CUGAUGAG GCCGUUAGGC CGAA lAGGCGGU 


8576 


^ ux u 


nPPITPITflP TT PTT/aTTaTTPfil 


1177 


/vsATTaoa^ /^TWaTTT^nr* ^orv^Tr¥Ai^(^/*« ^/^aa T/^»*^Ar^«n 
CvxAUACACs CUGAUGAG GCCGUUAGGC CGAA ICAGAGGC 


8577 


J. A 


rTTPTT/nPTTP TT /"'TTATTrT'nr' 


1178 


CCCGAUAC CUGAUGAG GCCGUUAGGC CGAA lAGCAGAG 


8578 






1179 


Oa^TfT/^Taa ^^t/^att^a/^ i^^^v^tttta^^/^ /*i^aa ^ r^r^f^f^nr^/^ 

GACUCUAA CUGAUGAG GCCGUUAGGC CGAA ICCCCCCG 


8579 


o 


cuv2ruinnr* tt TTapararTPTT 


1180 


AGACuCUA CUGAUGAG GCCGUUAGGC CGAA I6CCCCCC 


8580 




TTTTTir^ Af^Tr** TT /^rV^/^AAOA 

UUAvjA^jUL. U UUVjCiAAuA 


1181 


UGUUCCGG CUGAUGAG GCCGUUAGGC CGAA lACuCUAA 


8581 


^ U J o 


anariTTPTTP r* n^'A'A^*2^^1^^ 


1182 


A ATT/^TTTT/^/^ rTT/^ATTr^A^ /^r^/^/^TTTTA^r'/^ ^/^AA T A TV ^TfT/^T 

AAU(jUUVi.L. UUGAUGAG GLL.GUUAGGL CCaAA lAGACUCU 


8582 




TTPPnniVliP & TTTTrarTTTPAP 


1183 


nrmAA^aa OTT^ATT/^A^ /TIO/'VTTTTA/^^^'O r^r^i^t^ TTTtrr^r^r^r^T, 
UUliAAUAA UUuAUGAG Gv^CGUUAGGC CvoAA XuUCCCjrGA 


8583 


9nA Q 


PATTfT(f2ITTTP & PPTTPJVPPa 


1184 


TT/t!/^Tr'a/i/^ f^j/^njir*T^r* /^^/"v^tttta^/^/^ /^/^aa t a tv*^a titt/** 
UCaGUGAGC? LUCaAUGAG GL.CGUUAGGC CGAA XAACAAUG 


8584 


2051 


TTTTrtTTlTPAP P TTPAPPaTTa 


1185 


TTATT^PTT^A r^T^ATT/^A/^ /^/^/^OTTTTA/^^O ^/^AA TTT^AAOAA 

UAUGurUviA L.UGAUGAG GCuGUUAGoL. CGAA lUGAACAA 


8585 


2052 


TTrJTTTTPaPP TT PAPPiTTAP 
UoUULaV^^ U UaV^U>AU/\L« 


1186 


^TTaTT/2i^T^ ^^T/^ATT^A/^ /^/^^V^TTTAO/^/^ /^i^AA T^TT/*«AA/^A 

LjUAUoGUG UUoAUGAG GCCvjUUACsGC CGAA xGUGAACA 


8586 




TTTTPAPPTTP A PPATTAPP/Tl 


1187 


r^/'VTTATT/V^ /^T^aTT/^AO ^/^r^/^TTTTA /^/^/^ /^/^AA TA/^^^T^IVA 

^CGUAUGG CUGAUGAG GL.LGUUAGGC CGAA XAGGUGAA 


8587 




PAPPITPAP P ATTAP<7ttT!PA 


1188 


TTT'O^VTTaTT ^fTiOaTT^a^ r^O/'V^TTTTA /^O;^ O/^AA TfT^AI^^WW* 

UGCCGUAU CUGAUGAG GL.CGUUAGGC CGAA lUGAGGUG 


8588 


2057 


AprtTPar'p A TTAn^sTT'ar' 


1189 


GUGCLXtuA CUGAUGAG GCCGUUAGGC CGAA IGUGAGGU 


8589 






1190 


UGCCUGAG CUGAUGAG GCCGUUAGGC CGAA ICCGUAuG 


8590 


^ Ubb 


UALljliLAt-. U (-AbOLAACj 


1191 


CUUGCCUG CUGAUGAG GCCGUUAGGC CGAA lUGCCGUA 


8591 


^Udo 


CGGCACUC A GGCAAGCU 


1192 


AGCUUGCC CUGAUGAG GCCGUUAGGC CGAA lAGUGCCG 


8592 




A/^Tr^ar?/^/^ a a/^rn'TATTTTO 
AL.UUAviV3L. A AV3L.UAUUL. 


1193 


GAAUAGCU CUGAUGAG GCCGUUAGGC CGAA ICCUGAGU 


8593 


ZU /o 


a/'2/vaar»/*« tt aTTiTr^T/^TT/^ 


1194 


CACAGAAU CUGAUGAG GCCGUUAGGC CGAA ICUUGCCU 


8594 


9 noi 


A/^rTTaTTTT/** TT OTT/^TTT/"?/?/^ 


1195 


CCCAACAC CUGAUGAG GCCGUUAGGC CGAA lAAUAGCu 


8595 




r^ATT^aaTT/^ TT A/nn/^A/^r^T 


1196 


AGGUGGCU CUGAUGAG GCCGUUAGGC CGAA lAUUCAUC 


8596 


91 fiQ 

^ i.uy 


A ATT/^TTa/V^ a/^r«fT/T!/^/^T 

AAUUUAGC AL.L.Uviv3V3U 


1197 


ACCCAGGU CUGAUGAG GCCGUUAGGC CGAA ICUAGAUU 


8597 


9 1 1 n 


ATTr'TTAnor' a f^r^^f^nr^jr* 
AUuUAVjL.U A UUUVj^JVjrUtj 


1198 


CACCCAGG CUGAUGAG GCCGUUAGGC CGAA XGCUAGAU 


8598 


9119 


L-UAljCLAL L. UvjoOUUvalj 


1199 


CCLACCCA CUGAUGAG GCCGUUAGGC CGAA lUGGCUAG 


8599 


2113 


UAGCCACC U GGGUGGGA 


1 9 nrj 


UCCCACCC CUGAUGAG GCCGUUAGGC CGAA IGUGGCUA 


8600 


2138 


GGAAGAUG C AGCAUCCA 


1201 


UGGAUGCU CUGAUGAG GCCGUUAGGC CGAA lAUCUUCC 


8601 


2139 


GAAGAUCC A GCAUCCAG 


1202 


CUGGAUGC CUGAUGAG GCCGUUAGGC COAA IGAUCUUC 


8602 


2142 


GAUCCAGC A UCCAGGGA 


1203 


UCCCUGGA CUGAUGAG GCCGUUAGGC CGAA XCUGGAUC 


8603 


2145 


CCAGCAUC C AGGGAAUU 


1204 


AAUUCCCU CUGAUGAG GCCGUUAGGC CGAA lAUGCUGG 


8604 


2146 


CAGCAUCC A GGGAAUUA 


1205 


UAAUUCCC CUGAUGAG GCCGUUAGGC CGAA IGAUGCUG 


8605 


2161 1 UAGUAGUC A GCUAUGUC 


1206 


GACAUAGC CUGAUGAG GCCGUUAGGC CGAA lACUACUA 


8606 



159 



wo 02/081494 



CA 02442092 2003-09-25 



PCT/US02/09187 







1207 


v^UUuAwVU V.Uv3AUV3fVa viUV^ViUUAoVsV.. V^uAA X^UVjAV.UA 


8607 






1208 


aTTTTaarvifT i^T/iari/aa^ r2/^pr»TTrTftri<9r» ppaa Tar'aiTa/?'/^ 
AUUAAVAiU uUoAUuAvj liUCVsUUAGGV- L.uAA lAuAUAIkiC 


8608 


91 fit: 




1209 


raaTTrTTiTTTT* PTTr'aTT/aan /^/^rv^TfTanr^ri rT«aa Trr'^aTTUTT 
\sAUUUUUA wUuAUuAvi VaUUlaUUAGGv. UuAA XUULAUAU 


8609 






1210 


TT/^RTTTTTTTTTT PTTr" ftTTP AP PPPPTTTTRPriO PPAA TPrTT'aTTR 

UUAUUUUU L.UV^AUGA\7 V3L>L.(jUUAL3GC L.0AA. luv^Lk^AUA 


8610 


O t Q A 




1211 


TTa/^TTTTPTTP rTTPfiTTPaP nj^f^C^JTl'X'Kr^nr* /"VAA T ATTTTTTTTTTft 

UAVaUUVaUC UUViAUViAvat viL.v»V3UUAVaG^ LasAA lAUUUUUA 


8611 






1212 


AUAAUAV7U (.UVsAUuAVj V>L.wv9UUAV9G^ CvaAA XULUoAUU 


8612 


l/X 




1213 


APPA^AATT r^T/^ATT/^A^ ^/^^/^TTTT A/^/^/^ O/^AA TTTTT/^TT/^T/^ 

AUV-ALAAU LUI7AUGAG GCv-GUUAGGC CGAA lUUGUCUvj 


8613 






1214 


ar2/!iaaaTTP r^TPaTTr'An pppPTTTTa/i/^p pr^AA taaappap 


8614 


991 ts 




1215 




8615 


9990 




1216 


PTiaaPAPa i^TPaiTPAP ppppTiriarspp ppaa taaattpttp 
uUAAUAuA V^UGAUGAur oU^uU UAUVjL. L.VjAA XAAAUGUG 


8616 


9 991 




1217 


aPTTAAPAP PTTPATTPAP /^PP/^TTTTR^/^/^ /^r»AA T/*<AAATTOTT 

AGUAAGAU CUGAUvjAG oUCoUUAibGC uGAA xVaAAAUGU 


8617 


9 9 9 C 




1218 


PAAAA^TTA PTTr^ATT/^A^ ^/^P/^TTTTA^^^ O^AA TA^A^^AA 

CAAAAGUA CuGAUGAG GCCGUUAGGC CGAA XACAIGGAA 


8618 


9 99 O 


UGUCUUAC U UUuGGGCG 


1219 


CGCCCAAA CUGcAUGaG GCCGUUAGGC CGAA XUAAGACa 


8619 


2244 


CGAC3AAA.C U UUUCUUGA 


1220 


UCAAGAAC CUGAUGAG GCCGUUAGGC CGAA lUUUCUCG 


8620 


9 9 /I O 


TV PTTPTTTTO TT TT<^ A ATTT\TTTT 


1221 


A ATTATTTT/^A /^T**t ATT/^ A ^ /^^/^/^TTTA ^ /^*^A A TAA/^A^*TTTT 

AAUAUUCA CUGAUGAG GCCGUUAGGC CGAA lAACAGUU 


8621 


9 1 C 


TTTTPOTTPTT/^ TT TTTTTT^/^ 3> 


1222 


A^TT/^^AAA ^TT^ATT^A^ ^^^^TYTTA A ¥A^1k^/^1k« 

ACUCCAAA CUGAUGAG GCCGUUAGGC CGAA lACACCAA 


8622 


2284 


GGAUUCGC A CUCCuCCu 


1223 


AGGAGGAG CUGAUGAG GCCGUUAGGC CGAA ICG7\AUCC 


8623 


2286 


AUUCGCAC U CCUCCUGC 


1224 


GCAGGAGG CUGAUGAG GCCGUUAGGC CGAA lUGCGAAU 


8624 


9 9 Q Q 

bo 


TTPPPTV/^TP P TT<^rnT/^P?VTT 


1225 


ATT/^^A^OA ^TT^ATT^A^ ^^O^TTTTA^^^ ^/*f A A T A ^T»/*)r^^i» 

AUGCAGGA CUGAUGAG GCCGUUAGGC CGAA lAGUGCGA 


8625 


9 9fl O 


L.V3{JAL.IJ(JL. U uLUowiUA 


1226 


UAUGCAGG CUGAUGAG GCCGUUAGGC CGAA IGAGUGCG 


8626 


99Q1 
^«27X 


vJAuUL.^UU L. UGUAUAUA 


1227 


UAUAUGCA CUGAUGAG GCCGUUAGGC CGAA XAGGAGUG 


8627 


99 09 


AL.UL.LUL.U U (auAUAUAb 


1228 


/^TATTATTr^^ ^TT/^ATT^A^ ^^/V^TTTTA n<^A A Y^A^^AIA^WT 

CUAUAUGC CUGAUGAG GCCGUUAGGC CGAA IGAGGAGU 


8628 


2295 


CCUCCUGC A UAUAGACC 


1229 


GGUCUAUA CUGAUGAG GCCGUUAGGC CGAA ICAGGAGG 


8629 


23 03 


AuAUAGAC C ACCAAAUG 


1230 


CAUUUGGU CUGAUGAG GCCGUUAGGC CGAA lUCUAUAU 


8630 


2304 


UAuAGaCC a CCAAAUGC 


1231 


GCAUUUGG CUGAUGAG GCCGUUAGGC CGAA IGUCUAUA 


8631 




UAGACCAC C AAAUGCCC 


1232 


GGGCAUUU CUGAUGAG GCCGUUAGGC CGAA lUGGUCUA 


8632 


^ J U / 


R^TV^r^Ar^r^ A AATT/^/^/^^^ 

AGAL.UAL.C A AAUGCCCU 


1233 


GQGGCAUU CUGAUGAG GCCGUUAGGC CGAA IGUGGUCU 


8633 


99 1 "a 


/-i/^A A ATT^ri ^ O^lTTATTr^TTT 

CCAAAUGC C CCUAUCUU 


1234 


AAGAUAGG CUGAUGAG GCCGUUAGGC CGAA ICAUUUGG 


8634 


99 1 >l 


CAAAUm^w C L.UAUV.UUA 


1235 


UAAGAUAG CUGAUGAG GCCGUUAGGC CGAA IGCAUUUG 


8635 


99 1 C 

2Jlb 


AAATT/^/^Pr^ ^ TTATT^TTTTATT 

AAAUGCCC C UAUCUUAU 


1236 


AUAAGAUA CUGAUGAG GCCGUUAGGC CGAA IGGCAUUU 


8636 


9 "a 1 c 


A ATTPPPP/** TT ATTrtTTTATTr" 

AAULsCCCC U AUCUUAUC 


1237 


GAUAAGAU CUGAUGAG GCCGUUAGGC CGAA IGGGCAUU 


8637 


2320 


^/^/^/^TATT^ TT TTATT/^AA/^A 

CCCCUAUC U UAUCAACA 


1236 


UGUUGAUA CUGAUGAG GCCGUUAGGC CGAA lAUAGGGG 


8638 


2325 


AUCUUAUC A ACACUuCC 


1239 


GGAAGUGU CUGAUGAG GCCGUUAGGC CGAA lAUAAGAU 


8639 


2326 


UUAUCAAC A CUUCCGGA 


1240 


UCCGGAAG CUGAUGAG GCCGUUAGGC CGAA lUUGAUAA 


8640 


2330 


AUCAACAC U UCCGGAAA 


1241 


UUUCCGGA CUGAUGAG GCCGUUAGGC CGAA lUGUUGAU 


8641 


2333 


AALAL UU C C LKa AAAL U A 


1242 


UAGUUUCC CUGAUGAG GCCGUUAGGC CGAA lAAGUGUU 


8642 


23 40 


CCGGAAAC U ACUGUUGU 


1243 


ACAACAGU CUGAUGAG GCCGUUAGGC CGAA lUUUCCGG 


6643 


2343 


GAAACUAC U GUUGUUAG 


1244 


CUAACAAC CUGAUGAG GCCGUUAGGC CGAA lUAGUUUC 


8644 


2362 


GAAGAGGC A GGUCCCCU 


1245 


AGGGGACC CUGAUGAG GrCCGUUAGGC CGAA ICCUCUUC 


8645 


2 Jq / 


jk ^^TTi-i ^r*ITTA^AA^ 

GGCAGGUC C CCUAGAAG 


1246 


CUUCUAGG CUGAUGAG GCCGUUAGGC CGAA lACCUGrCC 


8646 


2368 


GCAGGUCC C CUAGAAGA 


1247 


UCUUCUAG CUGAUGAG GCCGUUAGGC CGAA IGACCUGC 


8647 


2369 


CAGGUCCC C UAGAAGAA 


1248 


UUCUUCUA CUGAUGAG GCCGUUAGGC CGAA IGGACCUG 


8648 


9 ^ 9^ 

-<S J /U 


AGoUUU-v-L. U AljAALjAAt-J 


1249 


CUUCUUCU CUGAUGAG GCCGUUAGGC CGAA IGGGACCU 


8649 


23 82 


AGAAGAAC U CCCuCGCC 


1250 


G6CGAGGG CUGAUGAG GCCGUUAGGC CGAA lUUCUUCU 


8650 


2384 


AAGAACUC C CUCGCCUC 


1 9 c 1 
±23X 




8651 


2365 


AGAACUCC C UCGCCUCG 


1252 


CGAGGCGA CUGAUGAG GCCGUUAGGC CGAA IGAGUUCU 


8652 


2386 


GAACUCCC U CGCCUCGC 


1253 


GCGAGGCG CUGAUGAG GCCGUUAGGC CGAA I6GA0UUC 


8653 


2390 


UCCCUCGC C UCGCAGAC 


1254 


GUCUGCGA CUGAUGAG GCCGUUAGGC CGAA ICGAGGGA 


8654 


2391 


CCCUCGCC U CGCAGACG 


1255 


CGUCUGCG CUGAUGAG GCCGUUAGGC CGAA IGCGAGGG 


8655 


2395 


CGCCUCGC A GACGAAGG 


1256 


CCUUCGUC CUGAUGAG GCCGUUAGGC CGAA ICGAGGCG 


8656 


2406 


CGAAGGUC U CAAUCGCC 


1257 


GGCGAUUG CUGAUGAG GCCGUUAGGC CGAA lACCUUCG 


8657 
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2408 




1258 


GPGGP^lATT PTTGATTr3Af3 GPPGTTTTAfiraP PnAA TAfJAPPTTrT 


8658 


2414 




1259 




8659 


2422 




1260 


AGATTPTTTTP PTTrSATTfiAfS nPPfJTTfTB/^rT* OrSAll THFZ'^mWZ 


8660 


2430 


AGAAGATTP TI PAATTPtTrG 


1261 


PGAGATTTTG PTTGATTnAG GPPGTTTTAnr'P PPAA TATTPTTfTPIT 


8661 


2432 


AAGAUntP A ATTPTTPGGG 


1262 


PPPGAfZATT PTTrsATTnAfS nppniTfTArir'p r'/^Aa TariaTTPTwr 


8662 


2436 


UOTCAATTr* IT PGGGAAUP 


1263 


GATTTTPPPG PTTGATTrEAG ftPPnTTTTAfWaP PAAA TATTTTr'AflA 


8663 


2445 


PGGGAAT7P T7 PAATTGTTTTA 


1264 




8664 


2447 


GGAAUPFTP A ATIGrTTTAGTT 


1265 


APTTAAPATT PTTGATTGAG ntPPTITTITAnrSP PPAA TAPatTTTPP 


8665 


2460 




1266 


CTTRTTPPAA PTTnATTfSAn nPrVTTltTA/lfi!P PPAa TnTVTTnnTTa 


8666 


2461 


AGUAUITCC U TIGGACTAPA 


1267 


tlGtlfilTPPA PTTGATTGAG GPPf3TTTTAf2r7P PnAA T/^AATTAPTT 
UOUiJUWV«n. V^UU'AijuAvj ol^^oUU/^olj^ L<oAA ±oAAUA\^U 


8667 


2467 


PPTlTTGnaP A PATTAHnGTT 


1268 


APPTTTTATT/^ PTTnATTfia<^ nnnntJTTh./'inr' rv^aa TTT/^r'7V7\<^r« 


8668 


2469 


TTTTfJnAPAP A TTAAn/TTTfin 


1269 


L.i^L.v..UUA v»UuAU(jAo vjUHaUUAtatju CGAA lUwJCCAA 


8669 






1270 


UUL.UV9UAA CUVxAUlim? VTWLAsUUAEabL. CGAA lUUUCCCA 


8670 




lTArV*fl/TPP IT TTrTHTTrTrfTrT 


1271 


AAQAAUAA CUGAUGAG GCCGuUAGGC CGAA ICCCCGUA 


8671 




PTTTTTTaTTTTP TT TTPTTRrvirTT 


1272 


AUV-QaUAvift. CUGAUGAG GCCC3UUAGGC CGAA lAAUAAAG 


8672 




TTATTTTPTTTTP TT APnnTTIiPr' 


1273 


tjvaUAUCOU L.UUAULjAvj VauUVaUUAvjVjL. L.GAA lAAGAAUA 


8673 






1274 


UAAA^jjCAA \_u(jAUGAvj Guv-^VjUUAvjGu CGAA lUACCGUA 


8674 


2512 


APGGTtAPP IT TTnPlTITTTAA 


1275 


iTTiaaa/^r'a r*TT^anr»ar' r'f^r^rTn^T^n/^r* /~t<aa T/^TTA/^/Trtrt 
UUAAAoVJA UUUAUvjAO vaL.L.utUUAuK3U CljtAA IGUACCGU 


8675 


^ 9 XO 


TTAPPfTTTflP IT TTTTZiaTTnPTT 


1276 


AVjisAUUAA (.UliAUUAtj GC^C^urUliAGGU CGAA ICAAGGUA 


8676 




P!T?TTTAA1TP P TTAAATirinP 


1277 


urd^UUUA i^UviAUUAo UuUulJUAGGC CGAA lAUUAAAG 


8677 


2524 


TTTTTTAATTPP TT AAATTHTiPA 


1278 


TTr'^^aiTTTTT r*tX/^1iT7r*Tir* /*i/^rV»TTTTlV n/^r^ /^OAA Tr^«»TTT*A« 

UV7(,,uAUUU CUGAUGAG GCCGUUAGGC CGAA IGAUUAAA 


8678 


2532 


TTAAATTnnP A AAPTTPPTTTT 


1279 


AAVjwUjUU UUtjcAUGAo V3L.Cl9UUA(3GC CGAA XCCAUUUA 


8679 


^ 3 JO 


TT(T/3PIMMir' TT rTT TTTn^TrTTT 


1280 


AAAGAAGG CUGAUGAG GCCGUUAGGC CGAA lUUUGCCA 


8680 


•? ^ "5 fl 

^ 3 J O 


nr'aftanrr" n TTrtrTTrTnTTr* 
VjCilfiAUUL. ^ UUL>UUUULr 


1281 


CjAAAAGAA CUGAUGAG GCCGUUAGGC CGAA lAGUUUGC 


8681 


9 7 Q 

^ 3 J J7 




1282 


GGAAAAGA CUGAUGAG GCCGUUAGGC CGAA IGAGuUUG 


8682 




IVPTTPPTTTT/^ TT TTTTTTrTTT/^a 


1283 


UCAGGAAA CUGAUGAG GCCGUUAGGC CGAA lAAGGAGU 


8683 


2547 


TTTTPTTTTTTTTP P ITnAPATTTTP 


1284 


VxAAUwUCA uUGAUGAG GCCGUUAGGC CGAA lAAAAGAA 


8684 


2548 


TTPTTTlTTrTPP TT filAPATTTTPA 


1285 


UuAAUuUC CUuAUuAG GCCGUUAGGC CGAA XGAAAAGA 


8685 




TTTTPPTiraAP A TTTTPATTTTITn 


1286 


CAAAUGAA CUGAUGAG GCCGUUAGGC CGAA XUCAGGAA 


8686 


2556 


TTGAPATTTTP A TTITTTnPAfSn 


1287 


PPTTrtPaaa rTTnaTToar* /^c^rTwia/v^ nnAA taatt/^t/^a 
CCUuwiAA CUGAUuAG GCCGUUAGGC CGAA XAAUGUCA 


8687 


2562 


TTPATFTTTGP A nnAHf^APA 


1288 


TT^TTr^nT^r' ^^Tr'aTTr'ar* o/^/'v^TTTaArir« ^^oaa t/-iaaatt/^a 
UUUCCUCC CUGAUGAty GCCGUUAGGC CGAA ICAAAUGA 


8688 


2570 


AGf^AnnAP A ITTTriTTTTraATT 


1269 


AUCAACAA CUGAUGAG GCCGUUAGGC CGAA XUCCUCCU 


8689 


2589 


ATTf^TAAnP A ATTTTTTnTT^3l^ 


1290 


CCACAAAU CUGAUGAG GCCGUUAGGC CGAA XCUUACAU 


8690 


2601 


TTGTTf3nfV2P P PPTTTTAPAfS 


1291 


CUGUAAGG CUGAUGAG GCCGUUAGGC CGAA XCCCCACA 


8691 


aO u ^ 


cstjcinnnr*r* p PTTTTAPfi.nTT 


1292 


ACUGUAAG CUGAUGAG GCCGUUAGGC CGAA IGCCCCAC 


8692 




TT/2/2r!/3PPf^ P fTTTAParaini 


1293 


UACUGUAA CUGAUGAG GCCGUUAGGC CGAA IGGCCCCA 


8693 




nfinfir^c^r* ti iTikP^rnTMi 

l9l3UVvuUV.»L> U UAWivsUAn 


1294 


uUACUGUA CUGAUGAG GCCGUUAGGC CGAA IGGGCCCC 


8694 


^DUO 


ppppTTTTar' A /^T&aatvia 


1295 


UCAUUUAC CUGAUGAG GCCGUUAGGC CGAA lUAAGGGG 


8695 


^ O ^ X 


AUoAfiAAL- A vivjAVjAL-UU 


1296 


AAGUCUCC CUGAUGAG GCCGUUAGGC CGAA lUUUUCAU 


8696 


2628 


PAGTIArtAP TT TTAAATITTAA 
L<AVJV2nUA^v U UAnAUUAA 


1297 


UUAAUUUA CUGAUGAG GCCGUUAGGC CGAA XUCUCCUG 


8697 


2638 


AAATT1TAAP TT ATTrtPPITTlP 


1298 


GCAGGCAU CUGAUGAG GCLGUUAGGC CGAA lUUAAUUU 


8698 


^ D ^ J 


AAPTTaTTf3P P TTHPTTAPrtTT 
AAL.UAUOU. ^ UoUUAVjvjU 


1299 


ACCUAGCA CUGAUGAG GCCGUUAGGC CGAA ICAUAGUU 


8699 


9 A A 


APTTATTUPP TT ftr«TTAnnTTTT 


1300 


AACCUAGC CUGAUGAG GCCGUUAGGC CGAA iGCAUAGU 


8700 




ATlGPPITnP TT ArSrtTlTTTTTTA 


1301 


UAAAACCU CUGAUGAG GCCGUUAGGC CGAA ICAGGCAU 


8701 


2658 


GUUUUAUC C CAAUGUUA 


1302 


UAACAUUG CUGAUGAG GCCGUUAGGC CGAA lAUAAAAC 


8702 


2659 


UUUUAUCC C AAUGUUAC 


1303 


GUAACAUU CUGAUGAG GCCGUUAGGC CGAA IGAUAAAA 


8703 


2660 


UUUAUCCC A AUGUUACU 


1304 


AGUAACAU CUGAUGAG GCCGUUAGGC CGAA IGGAUAAA 


8704 


2668 


AAUGUUAC U AAAUAUUU 


1305 


AAAUAUUU CUGAUGAG GCCGUUAGGC CGAA lUAACAUU 


8705 


2679 


AUAUUUGC C CUUAGAUA 


1306 


UAUCUAAG CUGAUGAG GCCGUUAGGC CGAA ICAAAUAU 


8706 


2680 


UAUUUGCC C UUAGAUAA 


1307 


UUAUCUAA CUGAUGAG GCCGUUAGGC CGAA IGCAAAUA 


8707 


2681 


AUUUGCCC U UAGAUAAA 


1308 


UUUAUCUA CUGAUGAG GCCGUUAGGC CGAA IGGCAAAU 


8708 
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2696 




1309 


ATTAPnTSTTTT PlirjaTTt^An flPPrSfTTUkf^PP PTIAIV TMIPPPITTT 


8709 


^ f uu 




1310 


/laTTaaTTar" r»TTPATT/iar» nrrvraymnr^r* /■•t'aa TTTTtrir^ATT/^ 
uAUAAUAL LUiAAUuAu oLUQUUAuGC CUAA ±UUUuAUC 


8710 


2709 




1311 


PATiaPlTPTl PTTfSaTTfllifl flPP01THArtr»0 fV^^A TATTXATlAr* 
UAUAUUUU LUuAUuAva laLUuUUAUVaC UGAA dAUAAUAL 


8711 


2710 




1312 


apaiTar*np ^^iPaTT^ar^ o^rv**TTiTA/*v^/*« /^/^aa t/^attaatta 
ALAUALUL LUVjAUwALi taLCGUUAGGC CGAA XGAUAAUA 


8712 






1313 


^*0AA^TTAA ^*¥T^ATT<^A^ /"•/"^/^/^TTTTTV ^"t^HH Tr* * TYTT1V * ^tTT 

laVaAAGUAA UUlaAuCaAG GCCGUUAGGC CGAA XAUUAACU 


8713 


2732 




1314 


PrtTTPIT^S^A f^iraaTT^ar* rTTV^TTTTAr*/^/^ /via a TTTAATTr»ATT 

LUULUUUA LUOAUvaAla VjrLCGUUAGGL. UlaAA lUAAUGAU 


8714 


2735 


M7TTAPTTITP n AnaPHP^^a 


1315 


TTr^r^pniiT^^T /^TTrsATT/tsa/^ /^r^/^^TTm\rv^/^ /^/^aa taai^taatt 
UL^LvaULJ LUGAUoA^a GLLGLnjAGGC uGAA XAAGUAAU 


8715 


2736 


ITflAPTTITPP A fJAPnPflliP 


1316 


flTT/^/irVTTr^ r^TOATT/lA/^ OO/^/^TTTTA /^/^/^ /^/^A A T/^nA/^TTHH 

^aULvaUvaUL LUGAUvaAG CsLCGUUAGGC CGAA IGAAGuAA 


8716 


2745 




1317 


/niTAAATTAA /^T^^ATT/^A^ /^/^A~V^TTrTT\ /^/^^ /"V^TlTV TTTr^/^/^/^T T/*l 

oUAAAUAA LULzAUtjAtT oL-UvjIJUAGCaL CGAA lUCGCGUC 


8717 


2754 


TTTTATTTTTTAP A PAPTTPTTTTTT 


1318 


AAAwALjUG LUGAUGAG GLLGUUAGGC CGAA XUAAAUAA 


8718 


57c: <; 




1319 


LLAAAGAG CUGAUGAG GCCGUuAGGC CGAA ZUGUAAAU 


8719 


97(;fl 


TTTTAPaPlVP TT PTTrTrTr*r'7i7i 


1320 


UUCLAAAG CUGAUGAU GCCGUUAGGC CGAA lUGUQUAA 


8720 


•)7<cn 

^ / DU 




1321 


CCUUCCAA CUGAUGAG GCCGUUAGGC CGAA lAGUGUGU 


8721 


0777 

4, i f I 


rva/iraraaTTP tt TTSTTiiTia tv r 


1322 


UUUAUAUA CUGAUGAG GCCGUUAGGC CGAA lAUCCCCG 


8722 




AGAvaAGUL C ACACCaUAG 


1323 


CUACGUGU CUGAUGAG GCCGUUAGGC CGAA lACUCUCU 


8723 


^ / 573 


LiAUAljUL.L. A UACajUAQjL. 


1324 


GCUACGUG CUGAUGAG GCCGUUAGGC CGT^ IGACUCUC 


8724 




uAtjUUiJAL A L.IjtUAoL.GV-. 


1325 


GCGCUACG CUGAUGAG GCCGUUAGGC CGAA lUGGACUC 


8725 






1326 


CAAAAUGA CUGAUGAG GCCGUUAGGC CGAA ICGCUACG 


8726 






1327 


GCAAAAUG CUGAUGAG GCCGUUAGGC CGAA IGCGCUAC 


8727 




Li^pnppTTP & TirmfTrapran 


1328 


CCGCAAAA CUGAUGAG GCCGUUAGGC CGAA XAGGCGCU 


8728 


7fl71 




1329 


GAAUAUGG CUGAUGAG GCCGUUAGGC CGAA lACCCGCA 


8729 




Pfl/^nTTPAP P ATTATTTTPTTIT 


1330 


AA^AATTATT ^IfT^ATT^A^ i^^^^mTTTArH/*i/-i n n ytt/^« ^r^^rn 

AAGAAUAU CUGAUGAG GCCGUUAGGC CGAA lUGACCCG 


8730 


9P7A 


VaovaUiJAL'U A UAULK^UUo 


1331 


CAAGAAUA CUGAUGAG GCCGUUAGGC CGAA IGUGACCC 


8731 




r^^'&TTRTTTT/*' TT TTr^^VATVOA 

UUAUAUUU U Ui,3(jUAALpA 


1332 


UGUUCCCA CUGAUGAG GCCGUUAGGC CGAA lAAUAUGG 


8732 


^0 J 0 


UUlavauAAL. A AGAUUUAL. 


1333 


GUAGAUCU CUGAUGAG GCCGUUAGGC CGAA lUUCCCAA 


8733 


0 Q 


ALAAUAUL. U ACACaUAUka 


1334 


CAUGCUGU CUGAUGAG GCCGUUAGGC CGAA lAUCUUGU 


8734 




IVr'RTT/^TAr' A O/^ATT/l/^r* A 

A(aAUL.UAL. A vrLIAUVaVaGA 


1335 


UCCCAUGC CUGAUGAG GCCGUUAGGC CGAA lUAGAUCU 


8735 




TTr«TTll^Ar»<^ A TT/5/5/^A/3/^T 


1336 


ACCUCCCA CUGAUGAG GCCGUUAGGC CGAA ICUGUAGA 


8736 




vauUUurviUU U LFUuAAAv.U 


1337 


GGUUUGGA CUGAUGAG GCCGUUAGGC CGAA lACCAACC 


8737 


7RC7 


UooU^UUv^. L. AAAL>L.UC<a 


1338 


CGAGGUUU CUGAUGAG GCCGUUAGGC CGAA lAAGACCA 


8738 


^000 


vjrtjUL.UUv-.^ A AAL.L.UL.GA 


1339 


UCGAGGUU CUGAUGAG GCCGUUAGGC CGAA IGAAGACC 


8739 




TTTTPPaaap p TTPriaaaA/i 


1340 


LUUUUCGA CUGAUGAG GCCGUUAGGC CGAA lUUUGGAA 


8740 




TTripaaArv" tt r'r«AAAA/^n 
Uv^CAAACv^ U ^vaAAAALav? 


1341 


CCUUUUCG CUGAUGAG GCCGUUAGGC CGAA IGUUUGGA 


8741 




vjAAAALstjjL- A UtaVaWiAlJA 


1342 


UGUCCCCA CUGAUGAG GCCGUUAGGC CGAA ICCUUUUC 


8742 


^057 J. 


ATT/'5/^/*'r^ A A A ATT^^TTTTTr' 

AUvjvj^-avJAL, A AAULUUUL 


1343 


GAAAGAUU CUGAUGAG GCCGUUAGGC CGAA lUCCCCAU 


8743 




laACAAAUC U UULUCjUt-L 


1344 


GGACAGAA CUGAUGAG GCCGUUAGGC CGAA lAUUUGUC 


8744 




AATT/^TTTIT^ TT OTT/^/^/^^AA 


1345 


UUGGGGAC CUGAUGAG GCCGUUAGGC CGAA lAAAGAUU 


8745 




TTTTTT/^Tr»TT/^ r* r'OA ATT/^On 


1346 


GGGAUUGG CUGAUGAG GCCGUUAGGC CGAA lACAGAAA 


8746 




UUL.UvaUv.^U V..AAUL.L.L.L. 


1347 


GGGGAUUG CUGAUGAG GCCGUUAGGC CGAA IGACAGAA 


8747 


0 one 


TTr^IT/^Tr^i^O ^ A ATT/Hi^<^^TT 


1348 


AGGGGAUU CUGAUGAG GCCGUUAGGC CGAA IGGAGA6A 


8748 




PITfilTPPPP a UTTPPPPTTr* 


1349 


CAGGGGAU CUGAUGAG GCCGUUAGGC CGAA IGGGACAG 


8749 


9 Q1 T 

Z57JLX 


I^CL^LaAUL L CL.Uv.7vaVaAU 


1350 


AUCCCAGG CUGAUGAG GCCGUUAGGC CGAA lAUUGGGG 


8750 


9 Ql 9 




1351 


AAUCCCAG CUGAUGAG GCCGUUAGGC CGAA IGAUUGGG 


8751 


9Q1 "5 

Z J7 ± J 




1352 


GAAUCCCA CUGAUGAG GCCGUUAGGC CGAA IGGAUUGG 


8752 


2914 


GAAUCCCC U GGGAUUCU 




AGAAUCCC CUGAUGAG GCCGUUAGGC CGAA IGGflAUUtt 


8753 


2922 


UGGGAUUC U UCCCCGAU 


1354 


AUCGGGGA CUGAUGAG GCCGUUAGGC CGAA lAAUCCCA 


8754 


2925 


GAUUCUUC C CCX3AUCAU 


1355 


AUQAUCGG CUGAUGAG GCCGUUAGGC CGAA lAAGAAUC 


8755 


2926 


AUUCUUCC C COAUCAUC 


1356 


GAUGAUCG CUGAUGAG GCCGUUAGGC CGAA IGAAGAAU 


8756 


2927 


UUCUUCCC C GAUCAUCA 


1357 


UGAUGAUC CUGAUGAG GCCGUUAGGC CGAA IGGAAGAA 


8757 


2932 


CCCCGAUC A UCAGUUGG 


1358 


CCAACUGA CUGAUGAG GCCGUUAGGC CGAA lAUCGGGG 


8758 


2935 


CGAUCAUC A GUUGGACC 


1359 


GGUCCAAC CUGAUGAG GCCGUUAGGC CGAA lAUGAUCG 


8759 
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1360 


naattnpap PivsaiTnan fSPPPTTTT»r^r«n npn* tttppimiptt 


8760 






1361 


TTP.aaTTPPa ^vTPAtT/^an ^pp^irTrTK/^/^^ ^mtn t^wt^^kx^ 
UvaAAUGCA CUucAUBAG UCCGUuAGGC CGAA IGUCCAAC 


8761 


2945 




1362 


TTTTf5.AaTTPP piTPaTT^iart r2PPPT"iTT*rtn^ ^^iv* T/5rtTTnoivTi 
UUvsAAUu^ CUuAuuAu Vt^VavUUAoGC CGAA XQGUCCAA 


8762 


294B 




1363 


rsPTTTTiiPaa PTTpanpap ppppTTHA/^r'^ /*v^7V7\ Tr^n^r^r*n/^ 
VjUUUULsAA L-UvjAUoAVj v7L.C(jUUA(jCjL CGAA ICAuooUL 


8763 


2952 


nifiPATTTTP A 2X21fiPPAaP 


1364 


f3T7TTr2/^PrTIT PTTfSaiT^a^ riPPPTTTTA/^/^^ /"i^Alv T7^ykTJr*r^i\f^ 
UUUuvs^UU UUVaAUUAij uLUvsUUAviGC CGAA lAAUGCAG 


8764 


2957 




1365 


APTTnArtTlIT PITrSATT/lAr* rSPPPTTTTA/^r*/^ PP7411 TPTTTTIT/5** 

AUUVaAuUU UU^aAUUAltf v^UuUUAobC UGAA lUUUUGAA 


8765 


2956 




1366 


TiaPTTmariTT PITPaiT^tiaP PPPPTTTTA/^r»/^ /^/^7VT\ T^/^TTTTT/^A 

UAV-U^jAIjU t-UviAULyAo vjuL.vaUUAtiv7L. CCxAA IGCUUUGA 


8766 


2961 


AAfiPPAAP TT PAftTTAAATT 


1367 


ATTiTTTaPTin pnp.aT7^ap pppptttta/'^/v^ p/^aa ttttto/^^^ttt 


8767 


2963 


GCC21ACUC A iaUAAATlCP 


1368 


rinaTTTTTTap prT/^aiTfuap /'ipppTitTAppr' p/^aa ta/^ttt/^/'vi 


8768 


2971 


AfSTTAAATTP P Af3ATTITr2<Tn 


1369 


PPPaaTTPTT PTTPAITPAr* PO«'V^TTr TA/^/^r^ n 1\ T TV TTTTTTH ^TT 

v-CUAAULU CUVjAUvjALj tsLUvjUlJAGOL CGAA lAUUUACU 


8769 


^7 




1370 


ULLCAAuC CUGAUGA6 GCCGUUAGGC CGAA IGAUuUAC 


8770 


^ 27 OZ 


BTTrT/7/2/tiaP P TTPAUPPPP 


1371 


CGGGUUGA CUGAUGAG GCCGUUAGGC CGAA lUCCCAAU 


8771 


O O Q 1 


TTIT^5/5P5VPP TT /^MVO/^^^O 

UUGGGACC U CAACCC6C 


13 72 


GCGGGUUG CUGAUGAG GCCGUUAGGC CGAA I6UCCCAA 


8772 




ppp A PPT TP n A/^P/^r^/*i7N 


1373 


GUGCGGGU CUGAUGAG GCCGUUAGGC CGAA lAGGUCCC 


8773 


Z^ OO 


RPPITPRJiP P PPPaPTVTVP 


1374 


CUUGUGCG CUGAUGAG GCCGUUAGGC CGAA lUUGAGGU 


8774 




PPTTPRRPP P PPAPBTVriP 


1375 


CCUU6UGC CUGAUGAG GCCGUUAGGC CGAA IGUUGAGG 


8775 




paappprtip fi Pfiappana 
L,/lAl— ^w-U^jV- A i-AAooAL-A 


1376 


UGUCCUuG CUGAUGAG GCCGUUAGGC CGAA ICGGGUUG 


8776 




T^nnnnm^n a appapaap 

AU^LAjUAU a AovjAuAAL, 


1377 


eUUGUCCU CUGAUGAG GCCGUUAGGC CGAA lUGCGGGU 


8777 


J U U U 


APa A/'2/^aP a apiTPPppp 


1378 


CGGCCAGU CUGAUGAG GCCGUUAGGC CGAA lUCCUUGU 


8778 




a^2rtapaap it ficinr^nf^'sr* 

AuvjAL,AAC U (jrov^UUijAU 


1379 


GUCCUGCC CUGAUGAG GCCGUUAGGC CGAA lUUGUCCU 


8779 


Owl// 


PAAPiTnnp p rtnAPfSPPA 


1380 


UGGCGUCC CUGAUGAG GCCGUUAGGC CGAA ICCAGUUG 


8780 




PPnfiAnrtP P AAPAAfS/lTT 


1381 


ACCUUGUu CUGAUGAG GCCGUUAGGC CGAA ICGUCCGG 


8781 




r^cifi^ncr^r* a apaappitp 
u.ovjAvJV3L.^i.> A AUAAuoUV7 


1382 


CACCUUGU CUGAUGAG GCCGUUAGGC CGAA IGCGUCCG 


8782 


101 S 


AL.\3L.wiAU iV AUvsUvivjvaA 


1383 


UCCCACCU CUGAUGAG GCCGUUAGGC CGAA lUUGGCGU 


8783 






1384 


GGCCCGAA CUGAUGAG GCCGUUAGGC CGAA ICUCCCAC 


8784 




ATTTTPTinnp P ar2r!PTTrTpa 


1385 


UGAACCCU CUGAUGAG GCCGUUAGGC CGAA ICCCGAAU 


8785 




ITTTPfS^^/TPP a ^2P/2TTTTPaP 


1386 


^TT/^ TV TV ^YTY/YTV T Y/^ TV ^^^/^T TTT TV ^rrrY % « V ^ a a ^ mt 

GUGAACCC CUGAUGAG GCCGUUAGGC CGAA IGCCCGAA 


8786 




PBPP/2TTTTP a PPPPTTPPP 


1387 


GGGAGGGG CUGAUGAG GCCGUUAGGC CGAA lAACCCUG 


8787 




nrsfiffiiTPap p ppTTPPPPa 


1388 


TTy^/^A*^/^ TV /"YT T/^ TV T T^ TV /Y ^t/^^Y^TTYTTi ^ ^^y-t ^ <■ w • -vj—a -m 

UGGGGAGG CUGAUGAG GCCGUUAGGC CGAA lUGAACCC 


8788 




oOUUuAL.C \^ UUL.CV..IJAU 


1389 


AUGGGGAG CUGAUGAG GCCGUUAGGC CGAA IGUGAACC 


8789 




/TTTTTPaPPP P TTPPPP»ITP 


1390 


CAUGGGGA CUGAUGAG GCCGUUAGGC CGAA IGGUGAAC 


8790 


•3 U3 O 


TTTTPAPPPP IT PPPPaiTPP 


1391 


CCAUGGGG CUGAUGAG GCCGUUAGGC CGAA IGGGUGAA 


8791 


<3 KJDQ 




1392 


CCCCAUGG CUGAUGAG GCCGUUAGGC CGAA lAGGGGUG 


8792 




AUL.UL.UL.L. ^ UAUUuuUo 


1393 


CCCCCAUG CUGAUGAG GCCGUUAGGC CGAA IGAGGGGU 


8793 


^UbU 


c/^r^r^Tirrr* p ?\TTPpr^ri/*«T\ 


1394 


UCCCCCAU CUGAUGAG GCCGUUAGGC CGAA IGGAGGGG 


8794 




r^/^iTTTTOPor^ 7v TTPr'i'iy^r'Tv 
H-i^UL-t-LC A UtjljCjvitjAt- 


1395 


GUCCCCCA CUGAUGAG GCCGUUAGGC CGAA IGGGAGGG 


8795 




fTPP/2PPaP TT ^^TTTn^/^/^/^TT 


1396 


ACCCCAAC CUGAUGAG GCCGUUAGGC CGAA lUCCCCCA 


8796 




/2PTT/3Papp f^Tir^T^rv^f^i 
iMsUvsLrAUC ^^UuALajCU 


13 97 


AGCGUGAG CUGAUGAG GCCGUUAGGC CGAA ICUCCACC 


8797 




niTrs/Tsarapp p Tipapppiip 


1398 


GAGCGUGA CUGAUGAG GCCGUUAGGC CGAA IGCUCCAC 


8798 


J UOD 


TTfi/2ar!PPP TT PaP/lPTTPa 


1399 


T T/^ TV ^YY T^Y /'IT TV T T^l TV ^Y ^Y^Y^t^Yff ■■■ 9 wk ^m^f^ M^^^ m t j-ii -r j r T-rn_r^ i_ 

UGAGCGUG CUGAUGAG GCCGUUAGGC CGAA IGGCUCCA 


8799 


J UOO 


VScAoUU^UL. A IJljL.uLiA(90 


1400 


CCUGAGCG CUGAUGeAG GCCGUUAGGC CGAA lAGGGCUC 


8800 


•3 vSf^i 


UULFUAUUC U UAtnioCLU 


1401 


AGGCCCUG CUGAUGAG GCCGUUAGGC CGAA ICGUGAGG 


8801 




TTPapr2PtTP a nppppTTap 


1402 


/YTT^ ^^Y^^Y^Y ^TT TV T Y/Y Ti ^ ^ ^^^YT TTTTV /M#^ A A^YTVTk ^ ^ 

GUAGGCCC CUGAUGAG GCCGUUAGGC CGAA lAGCGUGA 


8802 


'3 n Q Q 


PT7PAfT*PPP P TT7\ /^TTr^5\ O A 


1403 


UGUGAGUA CUGAUGAG GCCGUUAGGC CGAA ICCCUGAG 


8803 


3100 


UCAGGGCC U ACUCACAA 


1404 


UUGUGAGU CUGAUGAG GCCGUUAGGC CGAA IGCCCUGA 


8804 


3103 


GGGCCUAC U CACAACUG 


1405 


CAGUUGUG CUGAUGAG GCCGUUAGGC CGAA lUAGGCCC 


8805 


3105 


GCCUACUC A CAACUGUG 


1406 


CACAGUUG CUGAUGAG GCCGUUAGGC CGAA lAGUAGGC 


8806 


3107 


CUACUCAC A ACUGUGCC 


1407 


GGCACAGU CUGAUGAG GCCGUUAGGC CGAA lUGAGUAG 


8807 


3110 


CUCACAAC U GUGCCAGC 


1408 


GCUQGCAC CUGAUGAG GCCGUUAGGC CGAA lUUGUGAG 


8808 


3115 


AACUGUGC C AGCAGCUC 


1409 


GAGCUGCU CUGAUGAG GCCGUUAGGC CGAA ICACAGUU 


8809 


3116 


ACUGUGCC A GCAGCUCC 


1410 


GGAGCUGC CUGAUGAG GCCGUUAGGC CGAA IGCACAGU 


8810 
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11 1 o 




1411 


rsflnnnnii/^ PfTPaTTPa/2 ppppTTrTnrt/Tr« ppaa tpttpppup 


8811 






1412 


fSflnfiniifV* PTTPatTPRrt p PPTT Tf T A r«<^r» /^paa TrTiP^TPP 


8812 






1413 


parsnappa PTTPHTiraart f2PPr«TTTn\/v/^ r*paa trpptt/^ptt 


8813 






1414 


fir'TifinTt/ir* PTTPatT/^Bri ppppTTrrnr'r'r* r»paft Tr'ar»r'rTPP 


8814 


HOT 


appTTPrTTP p tTf^mrnrT'n 


1415 


AGGuAGGA CUGAUGAG GCCGUUAGGC CGAA lAGGAGCU 


8815 




PPTTPPITPP it <^PTT/^^PTTr» 


1416 


uAGIjCAGG CUGAUGAG GCCGUUAGGC CGAA XGAGGAGC 


8816 


11 1 ft 
J J. J u 


iTPPiTPmip p TTr«ppTTPPa 


1417 


TTOOlVOOr^Tl /"n'TOTVYTOTV 0 0 OOOT TTTTV /*t/^0 TV TV T * TV » 

UGGAGGCA CUGAUGAG GCCGUUAGGC CGAA lAGGAGGA 


8817 


J X J X 


nr^irr^inn n ppprippiiP 


1418 


tjUvjuAGOu LUljAUUiAL» GCuGUUAGGC CGAA. XGAGCtAGG 


8818 


n 1 A 

JX J4 




1419 


UUbCjUGGA CUGAUGAG GCCGUUAGGC CGAA ICAGGAGG 


8819 


n 1 c; 

J X J o 


PTTPPTTPPP TT PPaPPZV STT 


1420 


RT 77 TP or TOO OITOATTOAO OOOOTTf TTl OOO OOTVIV TOOIVOOTVO 

AUUCjGUGG CUGAUGAG GCCGUUAGGC CGAA IGCAGGAG 


8820 






1421 


OOTVTTITOOTT mTOTVTTOTvO Or^OOTTTTTk #^00 #"VtTVTV T fk mm 

CGAUUGGU CUGAUGAG GCCGUUAGGC CGAA lAGGCAGG 


8821 


1 1 1 o 




1422 


CCGAUuGQ CUGAUGAG GCCGUUAGGC CGAA IGAGGCAG 


8822 






1423 


UGCCGAUU CUGAUGAG GCCGUUAGGC CGAA lUGQAGOC 


8823 


3141 


CCUCCACC A AUCGGCAG 


1424 


CUGCCGAU CUGAUGAG GCCGUUAGGC CGAA IGUGGAGG 


8824 


3148 


CAAUCGGC A GUCAGGAA 


1425 


UUCCUGAC CUGAUGAG GCCGUUAGGC CGAA ICCGAUUG 


8825 


1 1 CO 

3152 


CGGCAQUC A GGAAGGCA 


1426 


UGCCUUCC CUGAUGAG GCCGUUAGGC CGAA lACUGCCG 


8826 


3160 


AGGAAGGC A GCCuACuC 


1427 


GAGUAGGC CUGAUGAG GCCGUUAGGC CGAA ICCUUCCU 


8827 


1 1 c o 

3163 


AAGGCAGC C UACuCCCU 


1428 


AGGGAGUA CUGAUGAG GCCGUUAGGC CGAA ICUGCCUU 


8828 


3164 


AGGCA6CC U ACuCCCuU 


1429 


AAGGGAGU CUGAUGAG GCCGUUAGGC CGAA IGCUGCCU 


8829 


1 1 C7 




1430 


0 TV TTTV TV omo mTTm TV T Tm Ti m m^tomt »i«tv /tm/i mmiv tv WTTvmmmrTm 

GAUAAGGG CUGAUGAG GCCGUUAGGC CG/iA lUAGGCUG 


8830 


11 


PPPTTXPTTP P PITf TllTTPTTr< 


1431 


on OTVTTTV TV /5 OTTOTVTTOTVO OOOOTTTTTV OOO OO TV TV TTvmTTlvm/^O 

GAGAUAAG CUGAUGAG GCCGUUAGGC CGAA lAGUAGGC 


8831 


31 /U 


PPTTfiPTTPP P TTTTiyTTOITPr» 

v.UUAv.UL>l« L. UUAUL.UL.L. 


1432 


00 TV OTVTTTV IV OTTOTVTTOTvO OOOOTTTT5V OmO OO TV TV T*m TV mrTTV mm 

GGAGAUAA CUGAUGAG GCCGUUAGGC CGAA IGAGUAGG 


8832 


31/1 




1433 


TTOOTV OTVTTfV OfTOTVTTOTkO mmmOTSITTV Omm mm IV Tt TmmTvmrwm 

UGGAGAUA CUGAUGAG GCCGUUAGGC CGAA IGGAGUAG 


8833 


3176 


CCCUUAUC U CCACCUCU 


1434 


AGAGGUGG CUGAUGAG GCCGUUAGGC CGAA IAUAAGG6 


8834 


3178 


CUUAUCuC C ACCuCUAA 


1435 


UUAGAGGU CUGAUGAG GCCGUUAGGC CGAA lAGAUAAG 


8835 


3179 


uuaucucc a ccucuaag 


1436 


CUUAGAGG CUGAUGAG GCCGUUAGGC CGAA IGAGAUAA 


8836 


31o 1 


AUv-UL.\JAU C uL.UAAWi(j 


1437 


CCCUUAGA CUGAUGAG GCCGUUAGGC CGAA lUGGAGAU 


8837 


3±o^ 




1438 


UCCCUUAG CUGAUGAG GCCGUUAGGC CGAA IGUGGAGA 


8838 


3184 


TT007V /^/^T/^ TT 7v TV /^r^ TV TV 

UCCACCUC U AAGGGACA 


1439 


UGUCCCUU CUGAUGAG GCCGUUAGGC CGAA lAGGUGGA 


B839 


31S2 


TT7V 5V/^/^/^ JV ^ TV ^TT^HTT^/^T 

UAAGGGAC A CUCAUCCU 


1440 


AGGAUGAG CUGAUGAG GCCGUUAGGC CGAA lUCCCUUA 


8840 


3194 


AGGGACAC U CAUCCUCA 


1441 




8841 


3196 


GGACACUC A UCCUCAGG 


1442 


CCUGAGGA CUGAUGAG GCCGUUAGGC CGAA lAGUGUCC 


8842 


3199 


CACUCAUC C UCAGGCCA 


1443 


UGGCCUGA CUGAUGAG GCCGUUAGGC CGAA IAU6AGUG 


8843 


3200 


ACUCAUCC U CAGGCCAU 


1444 


AUGGCCUG CUGAUGAG GCCGUUAGGC CGAA IGAUGAGU 


8844 


3202 


UCAUCCUC A GGCCAUGC 


1445 


GCAUGGCC CUGAUGAG GCCGUUAGGC CGAA lAGGAUGA 


8845 


3206 


CCUCAGGC C AUGCAGUG 


1446 


CACUGCAU CUGAUGAG GCCGUUAGGC CGAA ICCUGAGG 


8846 


3207 


CUCAGGCC A UGCAGUGG 


1447 


CCACUGCA CUGAUGAG GCCGUUAGGC CGAA IGCCUGAG 


8847 



Input Sequence » AF100308. Cut Site s CH/. 

Stem Length = 8 . Core Sequence = CUGAUGAG X CGAA (X = GCCGUUAGGC or other stem II} 
AF100308 (Hepatitis B virus strain 2-18, 3215 bp) 

Underlined region can be any X sequence or linker, as described herein, 
"r' stands for Inosime 
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TABLE VH: HUMAN HBV G-CLEAVER AND SUBSTRATE SEQUENCE 



VOB 


Substrate 


Seq ID 


G- cleaver - 


Seq ID 


61 


ACUUUCCU G CUGGUGGC 


1448 


GCCACCAG UGAUG GCAUGCACUAUGC GCG AGGAAAGU 


8848 


87 


GGAACAGU G AGCCCUGC 


1449 


GCAGGGCU UGAUG GCAUGCACUAUGC GCG ACUGUUCC 


8849 


94 


UGAGCCCU G CUCA6AAU 


1450 


AXniCUGAG UGAUG GCAUGCACUAUGC GCG AGGGCUCA 


8850 


112 


CUGUCUCU G CCAUAUCG 


1451 


CGAUAUGG UGAUG GCAUGCACUAUGC GCG AGAGACAG 


8851 


132 


AUOJUAUC G AAGACUGG 


1452 


CCAGUCUU UGAUG GCAUGCACUAUGC GCG GAUAAGAU 


8852 


153 


CCUGUACC G AACAUGGA 


1453 


UCCAUGUU UGAUG GCAUGCACUAUGC GCG GGUACAGG 


8853 


169 


AGAACAUC G CAUCAGGA 


1454 


UCCUGAUG UGAUG GCAUGCACUAUGC GCG GAUGUUCU 


8854 


192 


GOACCCCU G CaCGUGUU 


1455 


AACACGAG UGAUG GCAUGCACUAUGC GCG AGGGGUCC 


8855 


222 


UUCUUGUU G ACAAAAAU 


1456 


AUUUUUGU UGAUG GCAUGCACUAUGC GCG AACAAGAA 


8856 


315 


CAAAAUUC G CAGUCCCA 


1457 


UGGGACUG UGAUG GCAUGCACUAUGC GCG GAAUUUUG 


8857 


374 


UGGUUAUC G CUGGAUG17 


1458 


ACAUCCAG UGAUG GCAUGCACUAUGC GCG GAUAACCA 


8858 


387 


AUGUGUCU G CGGCGUUU 


1459 


AAACGCCG UGAUG GCAUGCACUAUGC GCG AGACACAU 


8859 


410 


CUUCCUCU G CAUCCUGC 


1460 


GCAGGAUG UGAUG GCAUGCACUAUGC GCG AGAGGAAG 


8860 


417 


UGCAUCCU G CUGCUAUG 


1461 


CAUAGCAG UGAUG GCAUGCACUAUGC GCG AGGAUGCA 


8861 


420 


AUCCUGCU G CUAUGCCO 


1462 


AGGCAUAG UGAUG GCAUGCACUAUGC GCG AGCAGGAU 


8862 


425 


GCUGCUAU G CCUCAUCO 


1463 


AGAUGAGG UGAUG GCAUGCACUAUGC GCG AUAGCAGC 


6863 


468 


GGUAUGITO G CCCGUUUG 


1464 


CAAACGGG UGAUG GCAUGCACUAUGC GCG AACAUACC 


8864 


518 


CGGACCAU G CAAAACCU 


1465 


AGGUUUUG UGAUG GCAUGCACUAUGC GCG AUGGUCCG 


8865 


527 


CAAAACCU G CACAACUC 


1466 


6AGUUGUG UGAUG GCAUGCACUAUGC GCG AGGUUUUG 


8866 


538 


CAAOJCCU G CUCAAGGA 


1467 


UCCUUGAG UGAUG GCAUGCACUAUGC GCG AGGAGUUG 


8867 


569 


CUCAUGUU G CUGUACAA 


1468 


UUGUACAG UGAUG GCAUGCACUAUGC GCG AACAUGAG 


8868 


596 


CGGAAACU G CACCUGUA 


1469 


UACAGGUG UGAUG GCAUGCACUAUGC GCG AGUUUCCG 


8869 


631 


GGGCUUUC G CAAAAUAC 


1470 


GUAUUUUG UGAUG GCAUGCACUAUGC GCG GAAAGCCC 


8870 


687 


UUACUAGU G CCAUUUGU 


1471 


ACAT^UGG UGAUG GCAUGCACUAUGC GCG ACUAGUAA 


8871 


747 


AUAUGGAU G AUGUGGUU 


1472 


AACCACAU UGAUG GCAUGCACUAUGC GCG AUCCAUAU 


8872 


783 


AACAUCUU G AGUCCCUU 


1473 


AAGGGACU UGAUG GCAUGCACUAUGC GCG AAGAUGUU 


8873 


795 


CCCUUUAU G CCGCUGUU 


1474 


AACAGCGG UGAUG GCAUGCACUAUGC GCG AUAAAGGG 


8874 


798 


UUUAUGCC G CUGUUACC 


1475 


GGUAACAG UGAUG GCAUGCACUAUGC GCG GGCAUAAA 


8875 


911 


GGCACAUU G CCACAGGA 


1476 


UCCUGUGG UGAUG GCAUGCACUAUGC GCG AAUGUGCC 


8876 


978 


GGCCUAUU G AUUGGAAA 


1477 


UUUCCAAU UGAUG GCAUGCACUAUGC GCG AAUAGGCC 


8877 


997 


AUGUCAAC G AAXJUGUGG 


1478 


CCACAAUU UGAUG GCAUGCACUAUGC GCG GUUGACAU 


8878 


1020 


UGGGGUUU G CCGCCCCU 


1479 


AGGGGCGG UGAUG GCAUGCACUAUGC GCG AAACCCCA 


8879 


1023 


GGUUUGCC G CCCCUUUC 


1480 


GAAAGGGG UGAUG GCAUGCACUAUGC GCG GGCAAACC 


8880 


1034 


CCUUUCAC G CAAUGUGG 


1481 


CCACAUUG UGAUG GCAUGCACUAUGC GCG GUGAAAGG 


8881 


1050 


GAUAUUCU G CUUUAAUG 


1482 


CAUUAAAG UGAUG GCAUGCACUAUGC GCG AGAAUAUC 


8882 


1058 


GCUUUAAU G CCUUUAUA 


1483 


UAUAAAGG UGAUG GCAUGCACUAUGC GCG AUUAAAGC 


8883 


1068 


CUUUAUAU G CAUGCAUA 


1484 


UAUGCAUG UGAUG GCAUGCACUAUGC GCG AUAUAAAG 


8884 


1072 


AUAUGGAU G CAUACAAG 


1485 


CUUGUAUG UGAUG GCAUGCACUAUGC GCG AUGCAUAU 


8885 


1103 


ACUUUCUC G CCAACUUA 


1486 


UAAGUUGG UGAUG GCAUGCACUAUGC GCG GAGAAAGU 


8886 


1139 


CAGUAUOU G AACCUUUA 


1487 


UAAAGGUU UGAUG GCAUGCACUAUGC GCG ACAUACUG 


8887 


1155 


ACCCCGUU G CUCGGCAA 


1488 


UUGCCGAG UGAUG GCAUGCACUAUGC GCG AACGGGGU 


8888 


1177 


UGGUCUAU G CCAAGUGU 


1489 


ACACUUGG UGAUG GCAUGCACUAUGC GCG AUAGACCA 


8889 


1188 


AAGUGUUU G CUGACGCA 


1490 


UGCGUCAG UGAUG GCAUGCACUAUGC GCG AAACACUU 


8890 


1191 


UGUUUGCU G ACGCAACC 


1491 


GGUUGCGU UGAUG GCAUGCACUAUGC GCG AGCAAACA 


8891 


1194 


UUGCUGAC G CAACCCCC 


1492 


GGGGGUUG UGAUG GCAUGCACUAUGC GCG GUCAGCAA 


8892 


1234 


CCAUCAGC G CAUGCX3UG 


1493 


CACGCAUG UGAUG GCAUGCACUAUGC GCG GCUGAUGG 


8893 


1238 


CAGCGCAU G CGUGGAAC 


1494 


GUUCCACG UGAUG GCAUGCACUAUGC GCG AUGCGCUG 


8894 
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1262 


UCUCCUCU G CCf^AUCCA 


1495 


UGGAuCGG UGAUG \aCAUGCACUAUGC ivatwoASaA 


8895 


1265 


CCUCUGCC G AUCCAUAC 


1496 


GUAUGGAU UGAUG GCAUGCACUAUGC GCG bVvUAVaAGU 


8896 


1275 


UCCAUACC 6 CGGAACuC 


1497 


utAGUUClaj UGaUG uUAUGCACUAUGC. vaL^i {JfjuIvJwtA 


8897 


1290 


UCCUAGCC G CUUGUUuU 


1498 


AAAACAAG UGAUG GCAUGQACUAUGC GL.vj uuCUAvjVaA 


8898 


1299 


CUUGUUUU G CUCGCAGC 


1499 


GCUGCGAG UGAUG GCAUGCACUAUGC GCG AAAALAAkj 


8899 


1303 


UUUUGCUC G CAGUAGoU 


1500 


ACCUGCUG UGAUG (awVUGCACUAUGC GUG CaAlaUliAAA 


8900 


1335 


UCGGGACU G ACAAUUCU 


1501 


AGAAuUGU UGAUG GCAUGCACUAUGC GCG AGuCCCGA 


8901 


1349 


UCUGUCXjU g cucucccg 


1502 


CGGGAGAG UGAUG GCAUGCACUAUGC GCG ACGACAGA 


8902 


1357 


GCUCUCCC G CAAAUAUA 


1503 


UAUAUUUG UGAUG GCAUGCACUAUGC GCG GGGAGAGC 


8903 


1382 


CCAUGGCU G CUAGGCUG 


1504 


CAGCCUAG UGAUG GCAUGCACUAUGC GCG AGCCAUGG 


8904 


1392 


UAGGCUGU 6 CU6CCAAC 


1505 


GUUGGCAG UGAUG GCAUGCACUAUGC GCG ACAGCCUA 


8905 


1395 


GCUGUGCU G CCAACUOG 


1506 


CCAGUUGG UGAUG GCAUGCACUAUGC GCG AGCACAGC 


8906 


1411 


GAUCCUAC 6 CGGGACGU 


1507 


ACGUCCCG UGAUG GCAUGCACUAUGC GCG 6UAGGAUC 


8907 


1442 


CCGUCGGC G CU6AAUCC 


1508 


GGAUUCAG UGAUG GCAUGCACUAUGC GCG GCCGACGG 


6908 


1445 


UCGGCGCU G AAUCCCX3C 


1509 


GCGGGAUU UGAUG GCAUGCACUAUGC GCG AGCGCCGA 


8909 


1452 


UGAAUCCC G CGGACGAC 


1510 


GUCGUCCG UGAUG GCAUGCACUAUGC GCG GGGAUUCA 


8910 


1458 


CCGCXaGAC G ACCCCUCC 


1511 


GGAGGGGU UGAUG GCAUGCACUAUGC GCG GUCCGCGG 


8911 


1474 


CCGGGGCC G CUUGGGGC 


1512 


GCCCCAAG UGAUG GCAUGCACUAUGC GCG GGCCCCGG 


8912 


1489 


6CUCUACC 6 CCC6CUUC 


1513 


GAAGCGGG UGAUG GCAUGCACUAUGC GCG GGUAGAGC 


8913 


1493 


UACCGCCC G CUUCUCCG 


1514 


CGGAGAA6 UGMJG GCAUGCACUAUGC GCG 6GGCGGUA 


8914 


1501 


GCUUCUCX: G CXUAUUGU 


1515 


ACAAUAGG UGAUG GCAUGCACUAUGC GCG GGAGAAGC 


8915 


1513 


AUUGUACC G ACCX5UCX1A 


1516 


UGGACGGU UGAUG GCAUGCACUAUGC GCG GGUACAAU 


8916 


1528 


CACGGGGC G CACCUCUC 


1517 


GAGAGGUG UGAUG GCAUGCACUAUGC GCG GCCCCGUG 


8917 


1542 


CUCUUUAC G CGGACUCC 


1516 


GGAGUCCG UGAUG GCAUGCACUAUGC GCG GUAAAGAG 


8918 


1559 


CCGUCUGU G CCUUCUCA 


1519 


UGAGAAGG UGAUG GCAUGCACUAUGC GCG ACAGACGG 


8919 


1571 


UCUCAUCU G CCGGACCG 


1520 


CGGUCCGG UGAUG GCAUGCACUAUGC GCG AGAUGAGA 


8920 


1583 


GACCGuGu G CZACUuCXjC 


1521 


GCGAAGUG UGAUG GCAUGCACUAUGC GCG ACACGGUC 


8921 


1590 


uGCACUUC G CuUCACCU 


1522 


AGGUGAAG UGAUG GCAUGCACUAUGC GCG GAAGUGCA 


8922 


1601 


UCACCUCU G CACGUCGC 


1523 


GCGACGUG UGAUG GCAUGCACUAUGC GCG AGAGGUGA 


8923 


1608 


UGCACGUC G CAUGGAGA 


1524 


UCUCCAUG UGAUG GCAUGCACUAUGC GCG 6ACGUGCA 


8924 


1624 


ACCACCGU G AACGCCCA 


1525 


UGGGCGUU UGAUG GCAUGCACUAUGC GCG ACGGUGGU 


8925 


1628 


CCGUGAAC G CCCACAGG 


1526 


CCUGUGGG UGAUG GCAUGCACUAUGC GCG GUUCACGG 


8926 


1642 


AGGAACCU G CCCAAGGU 


1527 


ACCUUGGG UGAUG GCAUGCACUAUGC GCG AGGUUCCU 


8927 


1654 


AAGGUCUU G CAUAAGAG 


1528 


CUCUUAUG UGAUG GCAUGCACUAUGC GCG AAGACCUU 


8928 


1690 


AUGUCAAC G ACCGACCU 


1529 


AGGUCGGU UGAUG GCAUGCACUAUGC GCG GUUGACAU 


8929 


1694 


CAACGACC G ACCUUGAG 


1530 


CUCAAGGU UGAUG GCAUGCACUAUGC GCG GGUCGUUG 


8930 


1700 


CCX3ACCUU G AGGCAUAC 


1531 


GUAUGCCU UGAUG GCAUGCACUAUGC GCG AAGGUCGG 


8931 


1730 


UGUUUAAU G AGUGGGAG 


1532 


CUCCCACU UGAUG GCAUGCACUAUGC GCG AUUAAACA 


8932 


1818 


AGCACCAU G CAACUUUU 


1533 


AAAAGUUG UGAUG GCAUGCACUAUGC GCG AUGGUGCU 


8933 


1835 


UCACCUCU G CCUAAUCA 


1534 


UGAUUAGG UGAUG GCAUGCACUAUGC GCG AGAGGUGA 


8934 


1883 


CAAGCUGU G CCUUGGGU 


1535 


ACCCAAGG UGAUG GCAUGCACUAUGC GCG ACAGCUUG 


6935 


1912 


UGGACAUU G ACCCGUAU 


1536 


AUACGGGU UGAUG GCAUGCACUAUGC GCG AAUGUCCA 


8936 


1959 


UCUUUUUU G CCUUCUGA 


1537 


UCAGAAGG UGAUG GCAUGCACUAUGC GCG AAAAAAGA 


8937 


1966 


UGCCUUCU G ACUUCUUU 


1538 


AAAGAAGU UGAUG GCAUGCACUAUGC GCG AGAAGGCA 


8938 






1539 


{j\jJ\\jAUK^\J Uvi/lUVjr o(J/iUVjCACUAUoC GCCj CzAAUAoAA 


8939 


1996 


AUCUCCUC G ACACCGCC 


1540 


GGCGGUGU UGAUG GCAUGCACUAUGC GCG GAGGAGAU 


8940 


2002 


UCGACACC G CCUCUGCU 


1541 


AGCAGAGG UGAUG GCAUGCACUAUGC GCG GGUGUCGA 


8941 


2008 


CCGCCUCU 6 CUCU6UAU 


1542 


AUACAGAG UGAUG GCAUGCACUAUGC GCG AGAGGCGG 


8942 


2092 


GUUGGGGU G AGUUGAUG 


1543 


CAUCAACU UGAUG GCAUGCACUAUGC GCG ACCCCAAC 


8943 


2097 


GGUGAGUU G AUGAAUCU 


1544 


AGAUUCAU UGAUG GCAUGCACUAUGC GCG AACUCACC 


8944 


2100 


GAGUUGAU G AAUCUAGC 


1545 


GCUAGAUU UGAUG GCAUGCACUAUGC GCG AUCAACUC 


8945 
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1546 


r'arTTiTTTrTT TinAtir' rr^aiirir'Arn'TATT/v t^nr* <n^r»oivi\AA 
UAGUUUL.U UGAUG uL.AUGuAL.UAUGL. uruG l^uuAAAA 


8946 






1547 


UAAAUAUU UGAUG Gv-AUG(JAU.UAUGU GUG AAGAAvJAG 


8947 






1548 


vsAuUAuUo UGAU(j ijV>AUV9lJAL.UAUGi. VaCG uAAUULZAL. 


8948 






1549 


TTPTT2VTTaTTf2 TTf32iTTn <^PJiTTf2PaprTaTT/"2P finrz arznarsnivrs 


8949 


O*? 1 1 


PZ^PPAlVZiTT ^2 PPPr*TTaTTr' 


1550 


dTiJlACZCiCiCl TTflJiTlft fiPATTflPaPTTaiTriP CintZ ATTTTTTri/TrrTP 


8950 






1551 


UL3i,^Ul.UU UI3AUI3 U(«»nUi3V,.AjL.UAUG^. Ul^G GUl^UAAVJA 


8951 


^ J oo 




1552 


i^UoULiAIjVj UGAUVj ljL~ftUvjVjAv-UAUG\- GUG GAGGGAGU 


8952 




PTTPfiSPPTTP f! P2inaP^^2Va 


1553 


UUW.V9UCUG UGAUu uk^U(jGAuUAUGC vjv^va GAUGGGAG 


8953 






1554 


uAutAL.L.UU UGAUG IsUAUGGAGUAUGG GGG GUGUGGGA 


8954 




TTPTTPlVaTTP fl PPnPfiTTPP 


1555 


VA3Av.V3UuVj UGAU\3 ggauguaguaugc ggg gauugaga 


8955 






1556 


LUGCGACG UGAUG GCAUGCACUAUGC GCG GGCGAUUG 


8956 


2420 


GCCGCGUC G CAGAAGAU 


1557 


AUCUUCUG UGAUG GCAUGCACUAUGC GCG GACGCGGC 


8957 


2514 


GGUACCUU G CUUUAAUC 


1558 


GAUUAAAG UGAUG GCAUGCACUAUGC GCG AAGGuACC 


8958 


2549 


CUXJXJuCCU G ACAUUCAU 


1559 


AUGAAUgU UGAUG GCAUGCACUAUGC GCG AGGAAAAG 


8959 


2560 




1560 


UCCUCCUG UGAUG GCAUGCACUAUGC GCG AAAUGAAU 


8960 


ZD fb 


ACAuuviUU G AUAGAUGU 


1561 


ACAUCUAU UGAUG GCAUGCACUAUGC GCG AACAAUGU 


8961 


2615 


CACjUAAAU g aaaacagg 


1562 


CCUGUUUU UGAUG GCAUGCACUAUGC GCG AUUUACUQ 


8962 


2641 


UUAAmAU G LC^UGCUAG 


1563 


CUAGCAGG UGAUG GCAUGCACUAUGC GCG AUAGUUAA 


8963 




V.UAUGUL.U G L.UAGGUUU 


1564 


AAACCUAG UGAUG GCAUGCACUAUGC GCG AGGCAUAG 


8964 


ZD 7 / 


AAAUAUUU G CCCUUAGA 


1565 


UCUAAGGG UGAUG GCAUGCACUAUGC GCG AAAUAUUu 


8965 




UUCL.AGAU G UGAUAUUA 


1566 


tTA ATTI^T/V^ TT^ATW^ ATW^^Af^¥ATTr</*i t^f^f^ mtrtf^r^rsn.^ 

UAAUGUCG UGAUG GCAUGCACUAUGC GCG GUCUGGAA 


8966 




CUAGAuGL. G ALZAUIJAUU 


1567 


AAUAAUGU UGAUG GCAUGCACUAUGC GCG GCGUCUGG 


8967 


ZoU4 


CACGUAGC G CCnJCAlJUU 


1566 


AAAUGAGG UGAUG GCAUGCACUAUGC GCG GCUACGUG 


8968 


2814 


CUCAUUUU G CGGGuCAC 


1569 


GUGACCCG UGAUG GCAUGCACUAUGC GCG AAAAUGAG 


8969 


28 75 


CAAACCUC G AAAAGGCA 


1570 


UGCCUUUU UGAUG GCAUGCACUAUGC GCG GAG6UUUG 


8970 


2928 


UCUUCCCC G AUCAUCAG 


1571 


CUGAUGAU UGAUG GCAUGCACUAUGC GCG GGGGAAGA 


8971 




UGGAULL.U G UAUULAAA 


1572 


UUUGAAUG UGAUG GCAUGCACUAUGC GCG AGGGUCCA 


8972 




\..ULAAuv.w. G (.JVcAAGGA 


1573 


uCCUUGUG UGAUG GCAUGCACUAUGC GCG GGGUUGAG 


8973 




GGUCGGAC G CCAACAAG 


1574 


CUUGUUGG UGAUG GCAUGCACUAUGC GCG GUCCGGCC 


8974 




GU^V«UL.AL. G CUVJAGGGU 


1575 


GCCCUGAG UGAUG GCAUGCACUAUGC GCG GUGAGGGC 


8975 




ACAACUGU G CCAGCAGC 


1576 


GCUGCUGG UGAUG GCAUGCACUAUGC GCG ACAGUUGU 


8976 


3132 


CUCuuCCU G CCUCCACC 


1577 


GGUGGAGG UGAUG GCAUGCACUAUGC GCG AGGAGGAG 


8977 


ox 


AGGGu^CU G UAC.UUUCC 


1578 


GGAAAGUA UGAUG GCAUGCACUAUGC GCG AGGGCCCU 


8978 


106 


AGAAUACU G UCUCuGCC 


1579 


GGCAGAGA UGAUG GCAUGCACUAUGC GCG AGUAUUCU 


8979 


1 >i 0 


GGGACCCU G UACCGAAC 


1580 


OTYTTOOOY YYi Y TO YV Y TO O O Yi Y YOOTl Or TH TTO O ^OO O^^^TT xO^^i^ 

GUUCGGUA UGAUG GCAUGCACUAUGC GCG AGGGUCCC 


8980 


198 


CUGCUCGU G UUACAGGC 


1581 


GCCUGUAA UGAUG GCAUGCACUAUGC GCG ACGAGCAG 


B9S1 


219 


UUUUUCUU G UUGACAAA 


1582 


UUUGUCAA UGAUG GCAUGCACUAUGC GCG AAGAAAAA 


8982 


297 


ACACCCGU G UGuCUUGG 


1583 


CCAAGACA UGAUG GCAUGCACUAUGC GCG ACGGGUGU 


8963 


299 


AuLCJGUGU G UL.UUGGLL 


1584 


GGCCAAGA UGAUG GCAUGCACUAUGC GCG ACACGGGU 


8984 


•a >i 


ACCAACCU G UUGUCQZUC 


1585 


GAGGACAA UGAUG GCAUGCACUAUGC GCG AGGUUGGU 


8985 


^ c n 


AACCUGUU G UCCUCCAA 


1586 


UUGGAGGA UGAUG GCAUGCACUAUGC GCG AACAGGUU 


8966 


3oZ 


UCCAAUUU G UCCUGGUU 


1587 


AACCAGGA UGAUG GCAUGCACUAUGC GCG AAAUUGGA 


8987 


381 


CGCUGGAU G UGUCUGCG 


1588 


CGCAGACA UGAUG GCAUGCACUAUGC GCG AUCCAGCG 


8966 


383 


CuGGAUGU G UUUGCGGC 


1589 


GCCGCAGA UGAUG GCAUGCACUAUGC GCG ACAUCCAG 


8989 


438 


AUCUUCUU G UUGGUUCU 


1590 


AGAACCAA UC5ATIR fJPATTRPAPUATTfSP O.CCX AZVnAAftl&TT 


8990 


465 


CAAGGUAU G UUGCCCGU 


1591 


ACGGGCAA UGAUG GCAUGCACUAUGC GCG AUACCUUG 


8991 


476 


GCCCGUUU G UCCUCUAA 


1592 


UUAGAG6A UGAUG GCAUGCACUAUGC GCG AAACGGGC 


8992 


555 


ACCUCUAU G UUUCCCUC 


1593 


GAGGGAAA UGAUG GCAUGCACUAUGC GCG ACJAGAGGU 


8993 


566 


UCCCUCAU G UUGCUGUA 


1594 


UACAGCAA UGAUG GCAUGCACUAUGC GCG AUGAGGGA 


8994 


572 


AUGUUGCU G UACAAAAC 


1595 


GUUUUGUA UGAUG GCAUGCACUAUGC GCG AGCAACAU 


8995 


602 


CUGCACCU G UAUUCCCA 


1596 


UGGGAAUA UGAUG GCAUGCACUAUGC GCG AGGUGCAG 


8996 
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694 


UGCCAUUU G XJUCAQUGG 


1597 


CCACUGAA UGAUG GCAUGCACUAuGC GCG AAAUGGCA 


8997 


724 


CCCCCACU G UCUGGCUU 


1598 


AAGCCAGA UGAUG GCAUGCACUAUGC GCG AGUGGGGG 


8998 


750 


UQGAUGAu G UGGUUUuG 


1599 


CAAAACCA UGAUG GCAUGCACUAUGC GCG AUCAUCCA 


8999 


771 


CCAAGUCU G UACAACAU 


1600 


AUGUUGUA UGAUG GCAUGCACUAUGC GCG AGACUUGG 


9000 


801 


AUGCCGCU G UUACCAAu 


1601 


AUUGGUAA UGAUG GCAUGCACUAUGC GCG AGCGGCAU 


9001 


818 


UUUCUUUU G UCUUUGGG 


1602 


CCCAAAGA UGAUG GCAUGCACUAUGC GCG AAAAGAAA 


9002 


888 


UGGGAUAU G UAAUUGGG 


1603 


CCCAAUUA UGAUG GCAUGCACUAUGC GCG AUAUCCCA 


9003 


927 


AACAUAUU G UACAAAAA 


1604 


UUUUUGUA UGAUG GCAUGCACUAUGC GCG AAUAUGUU 


9004 


944 


AUCAAAAU G UGUUUUAG 


1605 


CUAAAACA UGAUG GCAUGCACUAUGC GCG AUUUUGAU 


9005 


946 


CAAAAUGU G UUUUAGGA 


1606 


UCCUAAAA UGAUG GCAUGCACUAUGC GCG ACAUUUUG 


9006 


963 


AACUUCCU G UAAACAGG 


1607 


CCUGUUUA UGAUG GCAUGCACUAUGC GCG AGGAAGUU 


9007 


991 


GAAAGUATJ G UCAACGAA 


1606 


UUC6UUGA UGAUG GCAUGCACUAUGC GCG AUACUUUC 


9008 


1002 


AACGAAUU G UGGGUCUU 


1609 


AAGACCCA UGAUG GCAUGCACUAUGC GCG AAUUCGUU 


9009 


1039 


CACGCAAU G UGGAUAUCJ 


1610 


AAUAUCCA UGAUG GCAUGCACUAUGC GCG AUUGCGUG 


9010 


1137 


AACAGUAU G UGAACCUU 


1611 


AAGGUUCA UGAUG GCAUGCACUAUGC GCG AUACUGUU 


9011 


1184 


UGCCAAGU G UUUGCUGA 


1612 


UCAGCAAA UGAUG GCAUGCACUAUGC GCG ACUUGGCA 


9012 


1251 


GAACCUUU G UGUCUCCIT 


1613 


AGGAGACA UGAUG GCAUGCACUAUGC GCG TU^GGUUC 


9013 


1253 


ACCUUUGU G UCUCCUCU 


1614 


AGAGGAGA UGAUG GCAUGCACUAUGC GCG ACAAAGGU 


9014 


1294 


AGCCGCUU G UUUUGCUC 


1615 


GAGCAAAA UGAUG GCAUGCACUAUGC GCG AAGCGGCU 


9015 


1344 


ACAAUUCU G UCGUGCUC 


1616 


GAGCACGA UGAUG GCAUGCACUAUGC GCG AGAAUUGU 


9016 


1390 


GOJAGGCU G UGCUGCCA 


1617 


UGGCAGCA UGAUG GCAUGCACUAUGC GCG AGCCUAGC 


9017 


1425 


CGUCCUUU G UUUACGUC 


1618 


GACGUAAA UGAUG GCAUGCACUAUGC GCG AAAGGACG 


9018 


1508 


CGCCUAUU G UACCGACC 


1619 


GGUCGGUA UGAUG GCAUGCACUAUGC GCG AAUAGGCG 


9019 


1557 


CCCCGUCU G UGCCUUCU 


1620 


AGAAGGCA UGAUG GCAUGCACUAUGC GCG AGACGGGG 


9020 


1581 


CGGACCGU G UGCACUUC 


1621 


GAAGUGCA UGAUG GCAUGCACUAUGC GCG ACGGUCC6 


9021 


1684 


UCAGCAAU G UCAACGAC 


1622 


GUCGIKJGA UGAUG GCAUGCACUAUGC GCG AUUGCUGA 


9022 


1719 


CAAAGACU G UGUGUUUA 


1623 


UAAACACA UGAUG GCAUGCACUAUGC GCG AGUCUUUG 


9023 


1721 


AAGACUGU G UGUUUAAU 


1624 


AUUAAACA UGAUG GCAUGCACUAUGC GCG ACAGUCUU 


9024 


1723 


GACUGUGU G UUUAAUGA 


1625 


UCAUUAAA UGAUG GCAUGCACUAUGC GCG ACACAGUC 


9025 


1772 


AGGUCUUU G UACUAGGA 


1626 


UCCUAGUA UGAUG GCAUGCACUAUGC GCG AAAGACCU 


9026 


1785 


AGGAGGCU G UAGGCAUA 


1627 


UAUGCCUA UGAUG GCAUGCACUAUGC GCG AGCCUCCU 


9027 


1801 


AAAUUGGU G UGUUCACC 


1628 


GGUGAACA UGAUG GCAUGCACUAUGC GCG ACCAAUUU 


9028 


1803 


AUUGGUGU G UUCACCAG 


1629 


CUGGUGAA UGAUG GCAUGCACUAUGC GCG ACACCAAU 


9029 


1850 


CAUCUCAU G UUCAUGUC 


1630 


GACAUGAA UGAUG GCAUGCACUAUGC GCG AUGAGAUG 


9030 


1856 


AUGUUCAU G UCCUACUG 


1631 


CAGUAGGA UGAUG GCAUGCACUAUGC GCG AUGAACAU 


9031 


1864 


GUCCUACU G UUCAAGCC 


1632 


GGCUUGAA UGAUG GCAUGCACUAUGC GCG AGUAGGAC 


9032 


1881 


UCCAAGCU G UGCCUUGG 


1633 


CCAAGGCA UGAUG GCAUGCACUAUGC GCG AGCUUGGA 


9033 


1939 


GAGCUUCU G UGGAGUUA 


1634 


UAACUCCA UGAUG GCAUGCACUAUGC GCG AGAAGCUC 


9034 


2013 


UCUGCUCU G UAUCGGGG 


1635 


CCCCGAUA UGAUG GCAUGCACUAUGC GCG AGAGGAGA 


9035 


2045 


GGAACAUU 6 UUCACOJC 


1636 


GAGGUGAA UGAUG GCAUGCACUAUGC GCG AAU6UUCC 


9036 


2082 


GCUAUUCU G UGUUGGGG 


1637 


CCCCAACA UGAUG GCAUGCACUAUGC GCG AGAAUAGC 


9037 


2084 


UAUUCUGU G UUGGGGUG 


1638 


CACCCCAA UGAUG GCAUGCACUAUGC GCG ACAGAAUA 


9038 


2167 


UCAGCUAU G UCAACGUU 


1639 


AACGUUGA UGAUG GCAUGCACUAUGC GCG AUAGCUGA 


9039 


2205 


CAACUAUU G UGGUIKJCA 


1640 


UGAAACCA UGAUG GCAUGCACUAUGC GCG AAUAGUUG 


9040 




/^IiTTTTTTI^/**TT tT/^TTTlV/^TrT 

L^UUUUvU V7 UL.UUiiUUU 


1641 




9041 


2245 


GAGAAACU 6 UUCUUGAA 


1642 


UUCAAGAA UGAUG GCAUGCACUAUGC GCG AGUUUCUC 


9042 


2262 


UAUUUGGU G UCOUUOGG 


1643 > 


CCAAAAOA UGAUG GCAUGCACUAUGC GCG ACCAAAUA 


9043 


2274 


UUUGGAGU G UG6AUUCG 


1644 


CGAAUCCA UGAUG GCAUGCACUAUGC GCG ACUCCAAA 


9044 


2344 


AAACUACU G UU6UUAQA 


1645 


UCUAACAA UGAUG GCAUGCACUAUGC GCG AGUAGUUU 


9045 


2347 


CUACUGUU G UUAGACGA 


1646 


UCGUCUAA UGAUG GCAUGCACUAUGC GCG AACAGUAG 


9046 


2450 


AUCUCAAU G UUAGUAUU 


1647 


AAUACUAA UGAUG GCAUGCACUAUGC GCG AUUGAGAU 


9047 
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9 [;77 

Z 3 / J 




1648 




9048 


2583 


UGAUAGAU G UAAGCAAU 




AXJUGCUUA UGAUG GCAUGCACUAUGC GCX> AUCUAUCA 


on A Q 


2594 


AGCAAUUU G UGGGGCCC 


1650 


GGGCCCCA UGAUG GCAUGCACUAUGC GCG AAAUUGCU 


9050 


2663 


AUCCCAAU G UUACUAAA 


1651 


UUUAGUAA UGAUG GCAUGCACUAUGC GCG AUUGGGAU 


9051 


2717 


CAGAGUAU G UAGUUAAU 


1652 


AUUAACUA UGAUG GCAUGCACUAUGC GCG AUACUCUG 


9052 


2901 


AUCUUUCU G UCCCCAAU 


1653 


AUUGGGGA UGAUG GCAUGCACUAUGC GCG AGAAAGAU 


9053 


3071 


GGGGGACU G UUGGGGUG 


1654 


CACCCCAA UGAUG GCAUGCACUAUGC GCG AGUCCCCC 


9054 


3111 


UCACAACU G UGCCAGCA 


1655 


UGCUGGCA UGAUG GCAUGCACUAUGC GCG AGUUGUGA 


9055 



Input Sequence = AF100308. Cut Site « YG/M or UG/U. 

Stem Length = 8. Core Sequence = UGAUG GCAUGCACUAUGC GCG 

AF100308 (HepatitiB B virus strain 2-18, 32X5 bp) 
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TABLE Vm: HUMAN HBV ZINZYME ANB SUBSTRATE SEQUENCE 



Poa 


Substrate 


Seg ZD 


Zlnzyme 


Seq ID 


61 


ACUUUCCU 6 CUGGUGGC 


1448 


GCCACCAG GCcgaaagGCGaGuCaaGGuCu AGGAAAGU 


9056 


94 


UGAGCCCU G CUCAGAAU 


1450 


AUUCUGAG GCcgaaagGCGaGuCaaGGuCu AGGGCUCA 


9057 


112 


CUGUCUCU G CCAUAUCG 


1451 


CGAUAUGG GCcgaaagGCGaGuCaaGGuCu AGAGACAG 


9058 


169 


AGAACAUC G CAUCA6GA 


1454 


UCCUGAUG GCcgaaagGCGaGuCaaGGuCu GAUGUUCU 


9059 


192 


GGACCCCU G CUCGUGUU 


1455 


AACACGAG GCcgaaagGCGaGuCaaGGuCu AGGGGUCC 


9060 


315 


CAAAAUUC G CAGUCCCA 


1457 


UGGGACUG GCcgaaagGCGaGuCaaGGuCu GAAUUUUG 


9061 


374 


UGGUUAUC G CUGGAUGU 


1458 


ACAUCCAG GCcgaaagGCGaGuCaaGGuCu GAUAACCA 


9062 


387 


AUGUGUCU G CGGCGUUU 


1459 


AAACGCCG GCcgaaagGCGaGuCaaGGuCu AGACACAU 


9063 


410 


CUUCCUCU G CAUCCUGC 


1460 


GCAGGAUG GCcgaaagGCGaGuCaaGGuCu AGAGGAAG 


9064 


417 


UGCAUCCU G CUGCUAUG 


1461 


CAUAGCAG GCcgaaagGCGaGuCaaGGuCu AGGAUGCA 


9065 


420 


AUCCUGCU G CUAUGCCU 


1462 


AGGCAUAG GCcgaaagGCGaGuCaaGGuCu AGCAGGAU 


9066 


425 


GCUGCaAU G CCUCAUCU 


1463 


AGAUGAGG GCcgaaagGCGaGuCaaGGuCu AUAGCAGC 


9067 


468 


GGUAUGUU G CCOGUUUG 


1464 


CAAACGGG GCcgaaagGCGaGuCaaGGuCu AACAUACC 


9068 


518 


CGGACCAU G CAAAACCU 


1465 


AGGUUUUG GCcgaaagGCGaGuCaaGGuCu AUGGUCCG 


9069 


527 


CAAAACCU G CACAACUC 


1466 


GAGUUGUG GCcgaaagGCGaGuCaaGGuCu AGGUUUUG 


9070 


538 


CAACUCCU G CUCAAGGA 


1467 


UCCUUGAG GCcgaaagGCGaGuCaaGGuCu AGGAGUUG 


9071 


569 


CUCAUGUU G CUGUACAA 


1468 


UUGUACAG GCcgaaagGCGaGuCaaGGuCu AACAUGAG 


9072 


596 


CGGAAACU G CACCUGUA 


1469 


UACAGGUG GCcgaaagGCGaGuCaaGGuCu AGUUUCCG 


9073 


631 


GGGCUUUC G CAAAAUAC 


1470 


GUAUUUU6 GCcgaaagGCGaGuCaaGGuCu GAAAGCCC 


9074 


687 


UIXACUAGU G CCAUUU6U 


1471 


ACAAAUGG GCcgaaagGCGaGuCaaGGuCu ACUAGUAA 


9075 


795 


CCCUUIXAU G CCGCUGUU 


1474 


AACAGCGG GCcgaaagGCGaGuCaaGGuCu AUAAAGGG 


9076 


798 


UUUAUGCC G CUGUUACC 


1475 


GGUAACAG GCcgaaagGCGaGuCaaGGuCu GGCAUAAA 


9077 


911 


GGCACAUU G CCACAGGA 


1476 


UCCUGUGG GCcgaaagGCGaGuCaaGGuCu AAUGUGCC 


9078 


1020 


UGGGGUUU G CCGCCCCU 


1479 


AGGGGCGG GCcgaaagGCGaGuCaaGGuCu AAACCCCA 


9079 


1023 


GGUUUGCC G CCCCUUUC 


1480 


GAAAGGGG GCcgaaagGCGaGuCaaGGuCu GGCAAACC 


9080 


1034 


CCUUUCAC G CAAUGUGG 


1481 


CCACAUUG GCcgaaagGCGaGuCaaGGuCu GUGAAAGG 


9081 


1050 


GAUAUUCU G CUUUAAUG 


1482 


CAUUAAAG GCcgaaagGCGaGuCaaGGuCu AGAAUAUC 


9082 


1058 


GCUUUAAU G CCUUUAUA 


1483 


UAUAAAGG GCcgaaagGCGaGuCaaGGuCu AUUAAAGC 


9083 


1068 


CUUUAUAU G CAUGCAUA 


1484 


UAUGCAUG GCcgaaagGCGaGuCaaGGuCu AUAUAAAG 


9084 


1072 


AUAUGCAU G CAUACAAG 


1485 


CUUGUAUG GCcgaaagGCGaGuCaaGGuCu AUGCAUAU 


9085 


1103 


ACUUUCUC G CCAACUUA 


1486 


UAAGUUGG GCcgaaagGCGaGuCaaGGuCu GAGAAAGU 


9086 


1155 


ACCCCGUU G CUOGGCAA 


1488 


UUGCCGAG GCcgaaagGCGaGuCaaGGuCu AACGGGGU 


9087 


1177 


UGGUCUAU G CCAAGUGU 


1489 


ACACUUGG GCcgaaagGCGaGuCaaGGuCu AUAGACCA 


9088 


1188 


AAGUGUUU G CUGACGCA 


1490 


UGCGUCAG GCcgaaagGCGaGuCaaGGuCu AAACACUU 


9089 


1194 


UUGCUQAC G CAACCCCC 


1492 


GGGGGUUG GCcgaaagGCGaGuCaaGGuCu GUCAGCAA 


9090 


1234 


CCAUCAGC G CAUGCGUG 


1493 


CACGCAUG GCcgaaagGCGaGuCaaGGuCu GCUGAUGG 


9091 


1238 


CAGCGCAU G CGUGGAAC 


1494 


GUUCCACG GCcgaaagGCGaGuCaaGGuCu AUGCGCUG 


9092 


1262 


UCUCCUCU G CCGAUCCA 


1495 


UG6AUCGG GCcgaaagGCGaGuCaaGGuCu AGAGGAGA 


9093 


1275 


UCCAUACC G CGGAACUC 


1497 


GAGUUCCG GCcgaaagGCGaGuCaaGGuCu GGUAUGGA 


9094 


1290 


UCCUAGCC G CUUGUUUU 


1498 


AAAACAAG GCcgaaagGCGaGuCaaGGuCu GGCUAGGA 


9095 


1299 


CUUGUUUU G CUCGCAGC 


1499 


GCUGCGAG GCcgaaagGCGaGuCaaGGuCu AAAACAAG 


9096 


1303 


UUUUGCUC G CAGCAGGU 


1500 


ACCUGCUG GCcgaaagGCGaGuCaaGGuCu GAGCAAAA 


9097 


1349 


UCUGUCGU G CUCUCCCG 


1502 


CGGGAGAG GCcgaaagGCGaGuCaaGGuCu ACGACAQA 


9098 


1357 


GCUCUCCC G CAAAUAUA 


1503 


UAUAUUUG GCcgaaagGCGaGuCaaGGuCu GGGAGAGC 


9099 


1382 


CCAUGGCU G CUAGGCUG 


1504 


CAGCCUAG GCcgaaagGCGaGuCaaGGuCu AGCCAUGG 


9100 


1392 


UAGGCUGU G CUGCCAAC 


1505 


GUUGGCAG GCcgaaagGCGaGuCaaGGuCu ACAGCOJA 


9101 


1395 


GCUGUGCU G CCAAOJGG 


1506 


CCAGUUGG GCcgaaagGCGaGuCaaGGuCu AGCACAGC 


9102 
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J.4 J. J. 




1507 


appTTPP/"«r« r»p*-«/-ra aarTpp<^a/^iiPa sprsipii riTTaripaTTP 


9103 






1508 


r2/aATTTTr*A/^ ^^/-i^a a Si<^/2rY3an*^/^a a/^/^i /^H/^/^ A#^/l/^ 

viGAUULAVj Gv^CCfaaa^ijtAjaljuUaaGGUUU GLUGA^GG 


9104 


1 A KO 




1510 


rtTTPrtTTPP^ rtP^/^a a :»rT/2Prtaf2nPaaf2/l!nPii nA/32VTTTTP& 


9105 


J.* / * 




1512 


^^ppppiiArt f!iPr»^a a a f?f ^^prsa fJi 1 Pa a rt/Si 1 Pi 1 dfi.r^r^r^c^cirL 


9106 




/^PITnT2VPP /2 PPrtOPTTITP 


1513 


n.'h.'^Cir^runCl OPnr-iaaa/-r^2.POa/3»iPaa/^Piir^ii <^!/lTT A r^APP 


9107 






1514 


ViAsnJAuAAVa ^jV^C^aaa^oWAaaVjuCaaGGUlJU V^ioV«oGuA 


9108 




nnfTTTrTTPP n. PPTTaTTrW2TT 


1515 


AOAATTA/'V^ ^r^/^^a a Q/^m^V^a ^1 « » ^1 « /^/^ A/*' A A^^/^ 

i\(^.AAUAGv3 vj^Cy aoago^\3a.vau<.-a.aGG\lL.U. oGAGAAGC 


9109 






1517 


GAGAGGUG GUC3aaa.gGUGaGUua.aGGU.(JU GCC^C^C.GUG 


9110 




PTTPTTTTTTaP PCWaiVPfTPP 


1518 


^tfSlkrtTTr'P^ /2P««aaa«^!P^aPiiPa = rV^n^ii OTTA A A/^ 

uuAuUmu GCC3aaa^(^GaGUuaaGGUL.U GUAAAoAb 


9111 


1 ETC Q 


PP/TITPTT^^T T PPT TT TPf TP a 


1519 


TT^an&a/Tini PP^r»aaar*PPPaPiiPaaPPiiPi» A/^AOA/"V1/^ 


9112 


1 C7T 

/ JL 




152 0 


V^GGUULGG GL.C9faaEl9fGUGaGUL.aaGGllGU AGAUGAGA 


9113 


1 C Q "3 




1521 


GUGAAGUG GL.C9fdaa9[GCGaGUL.aa.GGUvJU AUALGGUC 


9114 


1 C Q A 




1522 


AGGUGAAG GCC^faaa^GCGaGuCaaGGUCU GAAGUGCA 


9115 


1 CAT 




1523 


GCGAUC^G GCCQel^Sl^GCGaGuCaaGGllCU AGAGGUGA 


9116 


1 f A Q 




1524 


ucuccAUG GCcgaaacfGCGaGucaaGGuCu GACGUGCA 


9117 


1 O Q 




1526 


uLUGUGGG GLCgaaagGCGaGUCaaGGUCU GUUCACGG 


9118 


1642 


AGGAACCU G CCCAAGGU 


1527 


ACCUUGGG GCcgaaagGCGaGuCaaGGuCu A6GUUCCU 


9119 


1654 


AAGGUCUU G CAUAAGAG 


1528 


CUCUUAUG GCcgaaagGCX5aGuCaaGG\iCn AAGACCUU 


9120 


1 o 1 a 

XoXo 


AGCACCAU Q CAACUUUU 


1533 


AAAAGUUG GCcgaaagGCGaGucaaGGuCu AUGGUGCU 


9121 




Trr'A^/^T/^T n /^/^TAATT/^A 

UCACCUCU Q CCUAhUCA 


X534 


UGAUUAGG GCC93d39vS(jGaGuCaaGGuCu AGAGGUGA 


9122 


Xoo J 




1535 


AcccAAGG GwcgaaagGCGaGucaaGGucu acagcuug 


9123 


X!7!>9 


UL.UUUUUU \3 L.L.UU^U(jA 


1537 


uuAGAAGG GGcgaaagGCGaGucaaGGucu aaaaaaga 


9124 


"5 A AO 


UCGACACC G CCUCUGCU 


1541 


AGCAGAGG GCcgaaagGCGaGuCaaGGuCu GGUGUCGA 


9125 


O A A Q 


CCeCCUCU G U^CUGUAU 


1542 


/uJACAGAG GCcgaaagGCGaGuCaaGGuCu AGAGGCGG 


9126 




GUGGAUUC G LZACUCCUC 


1548 


GAGGAGUG GCcgaaagGCGaGuCaaGGuCu GAAUCCAC 


9127 




/^T/^/^T/^/'TT /^ATTATTA^A 

CUCCUCCU G CAUAUAGA 


1549 


UCUAUAUG GCcgaaagGCGaGuCaaGGuCu AGGAGGAG 


9128 


2311 


/^A/^^AAATT /^O^i^TTAlT^ 

CACCAAAU G CCCCUAUC 


1550 


GAUAGGGG GCcgaaagGCGaGuCaaGGuCu AUUUGGUG 


9129 


2388 


ACUCCCUC G CCUCGCAG 


1552 


CUGCGAGG GCcgaaagGCGaGuCaaGGuCu GAGGGAGU 


9130 


2393 


^ttT^nr^^TTft o r*A^Af^r^AA 
CUCGCCUC G CAGAGGAA 


1553 


UUCGUCUG GCcgaaagGCGaGuCaaGGuCu GAGGCGAG 


9131 


24X2 


UuUCAAUC G CCGCGuCG 


1555 


CGACGCGG GCcgaaagGCGaGuCaaGGuCu GAUUGAGA 


9132 


2415 


CAAUCGCC G CajUCGCAG 


1556 


CUGCGACG GCcgaaagGCGaGuCaaGGuCu GGCGAUUG 


9133 


0>l O A 


fyf^f^f^rw^xr^ r* OA^AAr^Aft 
Gv..L.(jCGUu G LAIGAAGAU 


1557 


AucuucuG GCcgaaagGCGaGuCaaGGuCu gacgcggc 


9134 


O C 1 A 

2aX4 


GGUAL.L.UU G UUiJUAAUL. 


1558 


GAUuAAAG GCcgaaagGCGaGuCaaGGuCu aagguacc 


9135 


O CC A 


ATTTTr«ATTTTTT I^Ar»/^A/'VA 

AU U (JAU U U G vJAGGAGGA 


1560 


uccuccuG GCcgaaagGCGaGuCaaGGuCu AAAUGAAU 


9136 


2o4X 


UUAACUAU G LCuGLUAG 


1563 


CUAGCAGG GCcgaaagGCGaGuCaaGGuCu AUAGUUAA 


9137 


2D4b 


L>UAUG^V.U G C.UAGGUUU 


1564 


AAACCUAG GCcgaaagGCGaGuCaaGGuCu AGGCAUAG 


9138 


2o / / 


AAAITATTTTTT r*r*ITtTTtTir*1< 

AAAUAUUU G CCCUUAGA 


1565 


UCUAAGGG GCcgaaagGCGaGuCaaGGuCu AA?VUAUUU 


9139 


2740 


TYTT^^TV ^iv y^/^ TV /"I TV ¥Trfn 

UUCCAGAC G CGACAUuA 


1566 


UAAUGUCG GCcgaaagGCGaGuCaaGGuCu GUCUGGAA 


9140 


2804 


CACGUAGC G CCUCAUUu 


1568 


AAAUGAGG GCcgaaagGCGaGuCaaGGuCu 6CUACGUG 


9141 


2oX4 


CUwAUUUlJ G CGGGUCAC 


1569 


GuGACCCG GCcgaaagGCGaGuCaaGGuCu AAAAUGAG 


9142 


2946 


UGGACCCU G CAUUCAAA 


1572 


UUUGAAUG GCcgaaagGCGaGuCaaGGuCu AGGGUCCA 


9143 


2990 


CUCAACCC G CACAAGGA 


1573 


UCCUUGUG GCcgaaagGCGaGuCaaGGuCu GGGUUGAG 


9144 


3012 


f^f^t^r^f^^H /~* ^ ^ TV TV /"I TV TV O 

GGCCGGAC G CCAACAAG 


1574 


CUUGUUGG GCcgaaagGCGaGuCaaGGuCu GUCCGGCC 


9145 


3090 


GCCCUCAC G GJCAGGGC 


1575 


GCCCUGAG GCcgaaagGCGaGuCaaGGuCu GUGAGGGC 


9146 


3113 


ACAACUGU G CCAGCAGC 


Xb /b 


GCUC5CUGG GCcoaaaaRCGaGtiPaanniirii APAfnTTTRTT 


9147 


3132 


CUCCUCCa G CCUCCACC 


1577 


GGUGGAGG GCcgaaagGCGaGuCaaGGuCu AGGAGGAG 


9148 


51 


AGGGCCOJ G UACUUUCC 


1578 


GGAAAGUA GCcgaaagGCGaGuCaaGGuCu AGGGCCCU 


9149 


106 


AGAAUACU G UCUCUGCC 


1579 


GGCAGA6A GCcgaaagGCGaGuCaaGGuCu A6UAUUCU 


9150 


148 


GGGACCOJ G UACCGAAC 


1580 


GUUCGGUA GCcgaaagGCGaGuCaaGGuCu AGGGUCCC 


9151 


198 


CUGCUCGU G UUACAGGC 


1581 


GCCUGUAA GCcgaaagGCGaGuCaaGGuCu ACGAGCA6 


9152 


219 


XJUUUUCUU G UUGACAAA 


1582 


UUUGUCAA GCcgaaagGCGaGuCaaGGuCu AAGAAAAA 


9153 
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297 


ACACCCGU G UGUCUUGG 


1583 


CCAAGACA GCcgaaagGCGaGuCaaGGuCu ACGGGUGU 


9154 


299 


ACCCGUGU G UCUUGGCC 


1584 


GGCCAAGA GCcgaaagGCGaGuCaaGGuCu ACACGGGU 


9155 


347 


ACCAACCU 6 UUGUCCUC 


1585 


GAGGACAA GCcgaaagGCGaGuCaaGGuCu AGGUUGGU 


9156 


350 


AACCUGUU G UCCUCCAA 


1586 


UUQGAGGA GCcgaaagGCGaGuCaaGGuCu AACAGGUU 


9157 


362 


UCCAAUUa G UCCUGGUU 


1587 


AACCAGGA GCcgaaagGCGaGuCaaGGuCu AAAUUGGA 


9158 


381 


CGCUGGAU G UGUCUGCG 


1588 


CGCAGACA GCcgaaagGCGaGuCaaGGuCu AUCCAGCG 


9159 


383 


CUGGAUGU G UCUGCGGC 


1589 


GCCGCAGA GCcgaaagGCGaGuCaaGGuCu ACAUCCAG 


9160 


438 


AUCUUCUU G UUGGUUCU 


1590 


AGAACCAA GCcgaaagGCGaGuCaaGGuCu AAGAAGAU 


9161 


465 


CAAGGUAU G UU6CCCGU 


1591 


ACGGGCAA GCcgaaagGCGaGuCaaGGuCu AUACCUUG 


9162 


476 


GCCCGUUU G UCCUCUAA 


1592 


UUAGAGGA GCcgaaagGCGaGuCaaGGuCu AAACGGGC 


9163 


555 


ACCUCUAU G UUUCCCUC 


1593 


GAGGGAAA GCcgaaagGCGaGuCaaGGuCu AUAGAGGU 


9164 


566 


UCCCUCAU G UUGCUGUA 


1594 


UACAGCAA GCcgaaagGCGaGuCaaGGuCu AUGAGGGA 


9165 


572 


AUGUU6CU G UACAAAAC 


1595 


GUUUUGUA GCcgaaagGCGaGuCaaGGuCu AGCAACAU 


9166 


602 


CUGCACCU G UAUUCCCA 


1596 


UGGGAAUA GCcgaaagGCGaGuCaaGGuCu AGGUGCAG 


9167 


694 


UGCCAUUU G UUCAGUGG 


1597 


CCACUGAA GCcgaaagGCGaGuCaaGGuCu AAAUGGCA 


9168 


724 


CCCCCACU G UCUGGCUU 


1598 


AAGCCAGA GCcgaaagGCGaGuCaaGGuCu AGUGGGGG 


9169 


750 


UGGAUGAU G UGGUUOUG 


1599 


CAAAACCA GCcgaaagGCGaGuCaaGGuCu AUCAUCCA 


9170 


771 


CCAAGUCU G UACAACAU 


1600 


AUGUUGUA GCcgaaagGCGaGuCaaGGuCu AGACUUGG 


9171 


801 


AUGCCGOJ G UUACCAAU 


1601 


AUUGGUAA GCcgaaagGCGaGuCaaGGuCu AGCGGCAU 


9172 


818 


UUUCUUUU G UCUUUGGG 


1602 


CCCAAAGA GCcgaaagGCGaGuCaaGGuCu AAAAGAAA 


9173 


888 


UGGGAUAU G UAAUUGGG 


1603 


CCCAAUUA GCcgaaagGCGaGuCaaGGuCu AUAUCCCA 


9174 


927 


AACAUAUU G UACAAAAA 


1604 


UUUUUGUA GCcgaaagGCGaGuCaaGGuCu AAUAUGUU 


9175 


944 


AUCAAAAU G UGUUUUAG 


1605 


CUAAAACA GCcgaaagGCGaGuCaaGGuCu AUUUUGAU 


9176 


946 


CAAAAUG17 G UUUUAGGA 


1606 


UCCUAAAA GCcgaaagGCGaGuCaaGGuCu ACAUUUUG 


9177 


963 


AACUUCCa G UAAACAGG 


1607 


CCUGUUUA GCcgaaagGCGaGuCaaGGuCu AGGAAGUU 


9178 


991 


GAAAGUAU G UCAACGAA 


1608 


UUCGUUGA GCcgaaagGCGaGuCaaGGuCu AUACUUUC 


9179 


1002 


AACGAAUU G UGGGUCUU 


1609 


AAGACCCA GCcgaaagGCGaGuCaaGGuCu AAUUCGUU 


9180 


1039 


CACX3CAAU G UGGAUAUU 


1610 


AAUAUCCA GCcgaaagGCGaGuCaaGGuCu AUUGCGUG 


9181 


1137 


AACAGUAU G UGAACCUU 


1611 


AAGGUUCA GCcgaaagGCGaGuCaaGGuCu AUACUGUU 


9182 


1184 


UGCCAAGU G UUUGCUGA 


1612 


UCAGCAAA GCcgaaagGCGaGuCaaGGuCu ACUUGGCA 


9183 


1251 


GAACCUUU G UGUCUCCU 


1613 


AGGAQACA GCcgaaagGCGaGuCaaGGuCu AAAGGUUC 


9184 


1253 


ACCUUUGU G UCUCCUCU 


1614 


AGAGGAGA GCcgaaagGCGaGuCaaGGuCu ACAAAGGU 


9185 


1294 


AGCCGCUU G XJOUUGCUC 


1615 


6AGCAAAA GCcgaaagGCGaGuCaaGGuCu AAGCGGCU 


9186 


1344 


ACAAUUCU G UCGUGCUC 


1616 


GAGCACGA GCcgaaagGCGaGuCaaGGuCu AGAAUUGU 


9187 


1390 


GCUAGGCU G UGCUGCCA 


1617 


UGGCAGCA GCcgaaagGCGaGuCaaGGuCu AGCCUAGC 


9186 


1425 


CGUCCUUU G XJUUACGUC 


1618 


GACGUAAA GCcgaaagGCGaGuCaaGGuCu AAAGGACG 


9189 


1508 


CGCCUAUU G UACCGACC 


1619 


GGUCGGUA GCcgaaagGCGaGuCaaGGuCu AAUAGGCG 


9190 


1557 


CCCCGUCU G UGCCUUCU 


1620 


AQAAGGCA GCcgaaagGCGaGuCaaGGuCu AGACGGGG 


9191 


1581 


CGGACCGU G UGCACUUC 


1621 


GAAGUGCA GCcgaaagGCGaGuCaaGGuCu ACGGUCCG 


9192 


1684 


UCAGCAAU G UCAACGAC 


1622 


GUCGUUGA GCcgaaagGCGaGuCaaGGuCu AUUGCUGA 


9193 


1719 


CAAAGACU G UGUGUUUA 


1623 


UAAACACA GCcgaaagGCGaGuCaaGGuCu AGUCUUUG 


9194 


1721 


AAGACUGU G UGUUUAAU 


1624 


AUUAAACA GCcgaaagGCGaGuCaaGGuCu ACAGUCUU 


9195 


1723 


GACUGUGU G UUUAAUGA 


1625 


UCAUUAAA GCcgaaagGCGaGuCaaGGuCu ACACAGUC 


9196 


1772 


AGGUCUUU G UACUAGGA 


1626 


UCCUAGUA GCcgaaagGCGaGuCaaGGuCu AAAGACCU 


9197 


1785 


AGGAGGCU G UAGGCAUA 


1627 


UAUGCCUA GCcgaaagGCGaGuCaaGGuCu AGCCUCCU 


9198 


1801 


AAAUUGGU G UGUUCACC 


1628 


GGUGAACA GCcgaaagGCGaGuCaaGGuCu ACCAAUUU 


9199 


1803 


AUUGGUGU G UUCACCAG 


1629 


CUGGUGAA GCcgaaagGCGaGuCaaGGuCu ACACCAAU 


9200 


1850 


CAUCUCAU G UUCAUGUC 


1630 


GACAUGAA GCcgaaagGCGaGuCaaGGuCu AUGAGAUG 


9201 


1856 


AUGXJUCAU G UCCUACUG 


1631 


CAGUAGGA GCcgaaagGCGaGuCaaGGuCu AUGAACAU 


9202 


1864 


GUCCUACU G UUCAAGCC 


1632 


GGCUUGAA GCcgaaagGCGaGuCaaGGuCu AGUAGGAC 


9203 


1881 


UCCAAGCU G UGCCOUGG 


1633 


CCAAGGCA GCcgaaagGCGaGuCaaGGuCu AGCUUGGA 


9204 



172 



wo 02/081494 



CA 02442092 2003-09-25 



PCT/US02/09187 



1939 


GAGCUUCU G UGGAGUUA 


1634 


UAACUCCA GCcgaaagGCGaGuCaaGGuCu AGAAGCUC 


9205 


2013 


UCUGCUCU G UAUCGGGG 


1635 


CCCCGAUA GCcgaaagGCGaGuCaaGGuCu AGAGCAGA 


9206 


2045 


GGAACAUU G UUCACCUC 


1636 


GAGGUGAA GCcgaaagGCGaGuCaaGGuCu AAUGUUCC 


9207 


2082 


GCUAUUCU G UGUUGGGG 


1637 


CCCCAACA GCcgaaagGCGaGuCaaGGuCu AGAAUAGC 


9208 


2084 


UAUUCUGU G UUGGGGUG 


1638 


CACCCCAA GCcgaaagGCGaGuCaaGGuCu ACAGAAUA 


9209 


2167 


UCAGCUAU G UCAACGUU 


1639 


T^CGUUGA GCcgaaagGCGaGuCaaGGuCu AUAGCUGA 


9210 


2205 


CAACUAUU G UGGUUUCA 


1640 


UGAAACCA GCcgaaagGCGaGuCaaGGuCu ;i?VUAGUUG 


9211 


2222 


CAUUUCCU G UCUUACUU 


1641 


AAGUAAGA GCcgaaagGCGaGuCaaGGuCu AGGAAAUG 


9212 


2245 


GAGAAAOJ G UUCUUGAA 


1642 


UUCAAGAA GCcgaaagGCGaGuCaaGGuCu AGUUUCUC 


9213 


2262 


UAUUUGGU G UCUUUUGG 


1643 


CCAAAAGA GCcgaaagGCGaGuCaaGGuCu ACCAAAUA 


9214 


2274 


UUUGGAGU G UGGAUUCG 


1644 


CGAAUCCA GCcgaaagGCGaGuCaaGGuCu ACUCCAAA 


9215 


2344 


AAACUACU G UUGUUAGA 


1645 


UCUAACAA GCcgaaagGCGaGuCaaGGuCu AGUAGUUU 


9216 


2347 


CUACUGUU G UUAGACGA 


1646 


UCGUCUAA GCcgaaagGCGaGuCaaGGuCu AACAGUAG 


9217 


2450 


AUCUCAAU G UUAGUAXJU 


1647 


AAUACUAA GCcgaaagGCGaGuCaaGGuCu AUUGAGAU 


9218 


2573 


A6GACAUU G UUGAUAGA 


1648 


UCUAUCAA GCcgaaagGCGaGuCaaGGuCu AAUGUCCU 


9219 


2583 


UGAUAGAU 6 UAAGCAAU 


1649 


AUUGCUUA GCcgaaagGCGaGuCaaGGuCu AUCUAUCA 


9220 


2594 


AGCAAUUU G UGGGGCCC 


1650 


GGGCCCCA GCcgaaagGCGaGuCaaGGuCu AAAUUGCU 


9221 


2663 


AUCCCAAU G UUACUAAA 


1651 


UUUAGUAA GCcgaaagGCGaGuCaaGGuCu AUUGGGAU 


9222 


2717 


CAGAGUAU G UAGUUAAU 


1652 


AUUAACUA GCcgaaagGCGaGuCaaGGuCu AUACUCUG 


9223 


2901 


AUCUUaCU G UCCCCAAU 


1653 


AUUGGGGA GCcgaaagGCGaGuCaaGGuCu AGAAAGAU 


9224 


3071 


GGGGGACU G UUGGGGUG 


1654 


CACCCCAA GCcgaaagGCGaGuCaaGGuCu AGUCCCCC 


9225 


3111 


UCACAACU G UGCCAGCA 


1655 


UGCUGGCA GCcgaaagGCGaGuCaaGGuCu AGUUGUGA 


9226 


40 


AUCCGAGA G UCAGGGCC 


1656 


GGCCCUGA GCcgaaagGCGaGuCaaGGuCu UCUGGGAU 


9227 


46 


GAGUCAGG G CCCUGUAC 


1657 


GUACAGGG GCcgaaagGCGaGuCaaGGuCu CCUGACUC 


9228 


65 


UCCUGCUG G UGGCUCCA 


1658 


UGGAGCCA GCcgaaagGCGaGuCaaGGuCu CAGCAGGA 


9229 


68 


UGCUGGUG G CUCCAGUU 


1659 


AACUGGAG GCcgaaagGCGaGuCaaGGuCu CACCAGCA 


9230 


74 


UGGCUCCA 6 UUCAGGAA 


1660 


UUCCUGAA GCcgaaagGCGaGuCaaGGuCu UGGAGCCA 


9231 


85 


CAGGAACA G UGAGCCCU 


1661 


AGGGCUCA GCcgaaagGCGaGuCaaGGuCu UGUUCCUG 


9232 


89 


AACAGUGA G CCCUGCUC 


1662 


GAGCAGGG GCcgaaagGCGaGuCaaGGuCu UCACUGUU 


9233 


120 


GCCAUAUC G UCAAUCUU 


1663 


AAGAUUGA GCcgaaagGCGaGuCaaGGuCu GAUAUGGC 


9234 


196 


CCCUGCUC G UGUUACAG 


1664 


CUGUAACA GCcgaaagGCGaGuCaaGGuCu GAGCAGGG 


9235 


205 


UGUUACAG G CGGGGUUU 


1665 


AAACCCCG GCcgaaagGCGaGuCaaGGuCu CUGUAACA 


9236 


210 


CAGGCGGG G UUUUUCUU 


1666 


AAGAAAAA GCcgaaagGCGaGuCaaGGuCu CCCGCCUG 


9237 


248 


ACCACAGA G UCUAGACU 


1667 


AGUCUAGA GCcgaaagGCGaGuCaaGGuCu UCUGU6GU 


9238 


258 


CUAGACUC G UGGUGGAC 


1668 


GUCCACCA GCcgaaagGCGaGuCaaGGuCu GAGUCUAG 


9239 


261 


GACUCQUG Q UGGACUUC 


1669 


GAAGUCCA GCcgaaagGCGaGuCaaGGuCu CACGAGUC 


9240 


295 


GAACACCC G UGUGUCUU 


1670 


AAGACACA GCcgaaagGCGaGuCaaGGuCu GGGUGUUC 


9241 


305 


GUGUCUUG G CCAAAAUU 


1671 


AAUUUUGG GCcgaaagGCGaGuCaaGGuCu CAAGACAC 


9242 


318 


AAUUCGCA G UCCCAAAU 


1672 


AUUUGGGA GCcgaaagGCGaGuCaaGGuCu UGCGAAUU 


9243 


332 


AAUCUCCA G UCACUCAC 


1673 


GUGAGUGA GCcgaaagGCGaGuCaaGGuCu UGGAGAUU 


9244 


368 


UUGUCCUG G UUAUCGCU 


1674 


AGCGAUAA GCcgaaagGCGaGuCaaGGuCu CAGGACAA 


9245 


390 


UGUCUGCG G CGUUUUAU 


1675 


AUAAAACG GCcgaaagGCGaGuCaaGGuCu CGCAGACA 


9246 


392 


UCUGCGGC G UUUUAUCA 


1676 


UGAUAAAA GCcgaaagGCGaGuCaaGGuCu GCCGCAGA 


9247 


442 


UCUU6UUG G UUCUUCUG 


1677 


CAGAAGAA GCcgaaagGCGaGuCaaGGuCu CAACAAGA 


9248 


461 


CUAUCAAG G UAUGUUGC 


1678 


GCAACAUA GCcgaaagGCGaGuCaaGGuCu CUUGAUAG 


9249 


472 


UGUUGCCC G UUUGUCCU 


1679 


AGGACAAA GCcgaaagGCGaGuCaaGGuCu GGGCAACA 


9250 


506 


AACAACCA G CACCGGAC 


1680 


GUCCGGUG GCcgaaagGCGaGuCaaGGuCu UGGUUGUU 


9251 


625 


CAUCUUGG G CUUUCGCA 


1681 


UGCGAAAG GCcgaaagGCGaGuCaaGGuCu CCAAGAUG 


9252 


648 


CUAUGGGA G UGGGCCUC 


1682 


GAGGCCCA GCcgaaagGCGaGuCaaGGuCu UCCCAUAG 


9253 


652 


GGGAGUGG G CCUCAGUC 


1683 


GACUGAGG GCcgaaagGCGaGuCaaGGuCu CCACUCCC 


9254 


658 


GGGCCUCA G UCCGUUUC 


1684 


GAAACGGA GCcgaaagGCGaGuCaaGGuCu UGAGGCCC 


9255 
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662 


CUCAGUCC G UUUCUCUU 


1685 


AAGAGAAA GGcgaaagGCGaGuCaaGGuCu GGACUGAG 


9256 


672 


UUCUCUUG G CUCAGUUU 


1686 


7UVACUGAG GGcgaaagGCGaGuCaaGGuCu CAAGAGAA 


9257 


677 


UUGGCUCA G UUUACUAG 


1687 


CUAGUAAA GGcgaaagGCGaGuCaaGGuCu UGAGCCAA 


9258 


685 


GUUUACUA G UGCCAUUU 


1688 


AAAUGGCA GCcgaaagGCGaGuCaaGGuCu UAGUAAAC 


9259 


699 


UUU6UUCA G UGGUUCGU 


1689 


ACGAACCA GCcgaaagGCGaGuCaaGGuCu UGAACAAA 


9260 


702 


GUUCAGUG G UUCGUAGG 


1690 


CCUACGAA GCcgaaagGCGaGuCaaGGuCu CACUGAAC 


9261 


706 


AGUGGUUC G UAGGGCUU 


1691 


AAGCCCUA GCcgaaagGCGaGuCaaGGuCu GAACCACU 


9262 


711 


UUCGUAGG G CUUUCCCC 


1692 


GGGGAAAG GCcgaaagGCGaGuCaaGGuCu CCUACGAA 


9263 


729 


ACUGUCUG G CUUUCAGU 


1693 


ACUGAAAG GCcgaaagGCGaGuCaaGGuCu CAGACAGU 


9264 


736 


GGCUUUCA G UUAUAUGG 


1694 


CCAUAUAA GCcgaaagGCGaGuCaaGGuCu UGAAAGCC 


9265 


753 


AUGAUGUG G UUUUGGGG 


1695 


CCCCAAAA GCcgaaagGCGaGuCaaGGuCu CACAUCAU 


9266 


762 


UUUUGGGG G CCAAGUCU 


1696 


AGACUUGG GCcgaaagGCGaGuCaaGGuCu CCCCAAAA 


9267 


767 


GGGGCCAA G UCUGUACA 


1697 


UGUACAGA GCcgaaagGCGaGuCaaGGuCu UUGGCCCC 


9268 


785 


CAUCUUGA G UCCCUUUA 


1698 


UAAAGGGA GCcgaaagGCGaGuCaaGGuCu UCAAGAUG 


9269 


826 


GUCUUUGG G UAUACAUU 


1699 


AAUGUAUA GCcgaaagGCGaGuCaaGGuCu CCAAAGAC 


9270 


898 


AAUUGGGA G UUGGGGCA 


1700 


UGCCCCAA GCcgaaagGCGaGuCaaGGuCu UCCCAAUU 


9271 


904 


GAGUUGGG G CACAUUGC 


1701 


GCAAUGUG GCcgaaagGCGaGuCaaGGuCu CCCAACUC 


9272 


971 


GUAAACAG G CCUAUUGA 


1702 


UCAAUAGG GCcgaaagGCGaGuCaaGGuCu CUGUUUAC 


9273 


987 


AUUGGAAA G UAUGUCAA 


1703 


UUGACAUA GCcgaaagGCGaGuCaaGGuCu UUUCCAAU 


9274 


1006 


AAUUGUGG G UCUUUUGG 


1704 


CCAAAAGA GCcgaaagGCGaGuCaaGGuCu CCACAAUU 


9275 


1016 


CUUUUGGG G UUUGCCGC 


1705 


GCGGCAAA GCcgaaagGCGaGuCaaGGuCu CCCAAAAG 


9276 


1080 


GCAUACAA G CAAAACAG 


1706 


CUGXJUUUG GCcgaaagGCGaGuCaaGGuCu UUGUAUGC 


9277 


1089 


CAAAACAG G CUUUUACU 


1707 


AGUAAAAG GCcgaaagGCGaGuCaaGGuCu CUGUUUUG 


9278 


1116 


CUUACAAG G CCUUUCUA 


1708 


UAGAAA6G GCcgaaagGCGaGuCaaGGuCu CUUGUAAG 


9279 


1126 


CUUUCUAA G UAAACAGU 


1709 


ACUGUUUA GCcgaaagGCGaGuCaaGGuCu UUAGAAAG 


9280 


1133 


AGUAAACA G UAUGUGAA 


1710 


UUGACAUA GCcgaaagGCGaGuCaaGGuCu UGUUUACU 


9281 


1152 


UUUACCCC G UUGCUCGG 


1711 


CCGAGCAA GCcgaaagGCGaGuCaaGGuCu GGGGUAAA 


9282 


1160 


GUUGCUCG G CAACGGCC 


1712 


GGCCGUUG GCcgaaagGCGaGuCaaGGuCu CGAGCAAC 


9283 


1166 


CGGCAACG G CCUGGUCU 


1713 


AGACCAGG GCcgaaagGCGaGuCaaGGuCu CGUUGCCG 


9284 


1171 


ACGGCCUG G UCUAUGCC 


1714 


GGCAUAGA GCcgaaagGCGaGuCaaGGuCu CAGGCCGU 


92B5 


1182 


UAUGCCAA G UGUUUGCU 


1715 


A6CAAACA GCcgaaagGCGaGuCaaGGuCu UUGGCAUA 


9286 


1207 


CCCCACUG 6 UUGGGGCU 


1716 


A6CCCCAA GCcgaaagGCGaGuCaaGGuCu CAGUGGGG 


9287 


1213 


UGGUUGGG G CUUGGCCA 


1717 


UGGCCAAG GCcgaaagGCGaGuCaaGGuCu CCCAACCA 


9288 • 


1218 


GGGGCUUG G CCAUAGGC 


1718 


GCCUAUGG GCcgaaagGCGaGuCaaGGuCu CAAGCCCC 


9289 


1225 


GGCCAUAG G CCAUCAGC 


1719 


GCUGAUGG GCcgaaagGCGaGuCaaGGuCu CUAUG6CC 


9290 


1232 


GGCCAUCA G CGCAUGCG 


1720 


CGCAUGCG GCcgaaagGCGaGuCaaGGuCu UGAUGGCC 


9291 


1240 


GCX3CAUGC G UGGAACCU 


1721 


AGGUUCCA GCcgaaagGCGaGuCaaGGuCu GCAUGCGC 


9292 


1287 


AACUCCUA G CCGCUUGU 


1722 


ACAAGCGG GCcgaaagGCGaGuCaaGGuCu UAGGA6UU 


9293 


1306 


UGCUCX3CA G CAGGUCUG 


1723 


CAGACCUG GCcgaaagGCGaGuCaaGGuCu UGCGAGCA 


9294 


1310 


CSGCAGCAG 6 UCUGGGGC 


1724 


GCCCCAGA GCcgaaagGCGaGuCaaGGuCu CUGCUGCG 


9295 


1317 


GGUCUGGG G CAAAACUC 


1725 


GAGUUUUG GCcgaaagGCGaGuCaaGGuCu CCCAGACC 


9296 


1347 


AUUCUGUC G UGCUCUCC 


1726 


GGAGAGCA GCcgaaagGCGaGuCaaGGuCu GACAGAAU 


9297 


1379 


UUUCCAUG G CUGCUAGG 


1727 


CCUAGCAG GCcgaaagGCGaGuCaaGGuCu CAUGGAAA 


9298 


1387 


GCUGCUAG 6 CUGUGCU6 


1728 


CAGCACAG GCcgaaagGCGaGuCaaGGuCu CUAGCAGC 


9299 






1729 


ACAAAGGA GCcgaaagGCGaGuCaaGGuCu GUCCCGCG 


9300 


1431 


UUGUUUAC G UCCCGUCG 


1730 


CGACGGGA GCcgaaagGCGaGuCaaGGuCu GUAAACAA 


9301 


1436 


UACGUCCC G UCGGCGCU 


1731 


AGCGCCGA GCcgaaagGCGaGuCaaGGuCu GGGACGUA 


9302 


1440 


UCCCGUCG G CGCUGAAU 


1732 


AUUCAGCG GCcgaaagGCGaGuCaaGGuCu CGACGGGA 


93 03 


1471 


CUCCCGGG G CCGCUUGG 


1733 


CCAAGCGG GCcgaaagGCGaGuCaaGGuCu CCCGG6AG 


9304 


1481 


CGCUUGGG G CUCUACCG 


1734 


CGGUAGAG GCcgaaagGCGaGuCaaGGuCu CCCAAGCG 


9305 


1517 


UACCGACC G UCCACGGG 


1735 


CCCGUGGA GCcgaaagGCGaGuCaaGGuCu GGUCGGUA 


9306 
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1 




1736 


uAGGUG<-G uLC^&aSig^^^-^^GUCaaGGUCU CCCGUGGA 


9307 


1 tz^'i 




1737 


UrtiLJlvJAGA GL.C9aaagv^\JGaGUGci&GGUCU GGGVxAGUC 


9308 


/ 7 




1738 


AurUurwiUA urL.C9aaagov«UaGUL.a.£lGGUGU GGUUvJGGL. 


9309 


1 ant^ 

XO U3 




1739 


t-i-AUGvJGA GCcgaaagGCGaGucaaGGuCu gugcaqag 


9310 


1622 




1740 


uuut^uuwi VT^cgaaagiiCuaGucaaGGUUii gguggucu 


9311 


1 f^AQ 




1741 


AUGUAAGA GccgaaaQGCGaGucaaGGucu cuugggca 


9312 


J.D / 7 


riarTTTTTTPa r* paatTrrrTPa 


1742 


UGALAUuG GCcgaaagGCGaGuCaaGGuCu UGAAAGuC 


9313 


X / KJJ 


zvrTTTTTn Ar* r'RTTArTTTTr' 


1743 


GAAGUAUG GCcgaaagGCGaGuCaaGGuCu CUCAA6GU 


9314 


1732 


TTTTTTZiATTrsa H Jicinrz'harzA 


1744 


uv-.uuL,uuA GL.cgaaagGLXjaGucaaGGucu ucauuaaa 


9315 


1 74.1 
X f 4 X 




1745 


ULCct-uAA GCcgaaagGCGaGuCaaGGuCu UCCUCCCA 


9316 


X r 39 




1746 


UAACCUAA GCcgaaagGCGaGuCaaGGuCu CUCCUCCC 


9317 


X / 


ci'h.c^ijr'XTTj^r* TTTTa7i.7i<T!r*TT 


1747 


ACCUUUAA GCcgaaagGCGaGuCaaGGuCu CUAaCCUC 


9318 




VsUUUAAAjQ Ca UCUUUCsUA 


1748 


UACAAAGA GCcgaaagGCGaGuCaaGGuCu CUUUAACC 


9319 


1 TOO 

X782 


ACUAG6A.G G CUGUAGGC 


1749 


GCCUACAG GCcgaaagGCGaGuCaaGGuCu CUCCUA6U 


9320 


1789 


GGCUGUAG G CAUAAAUU 


1750 


AAUUUAUG GCcgaaagGCGaGuCaaGGuCu CUACAGCC 


9321 


1799 


AUAAAIJUG G UGUGUUCA 


1751 


UGAACACA GCcgaaagGCGaGuCaaGGuCu CAAUUUAU 


9322 


1811 


GUUCACCA G CACCAUGC 


1752 


6CAUGGUG GCcgaaagGCGaGuCaaGGuCu UGGUGAAC 


9323 


1870 


CUGUUCAA G CCUCCAAG 


1753 


CUUGGAGG GCcgaaagGCGaGuCaaGGuCu UUGAACAG 


9324 


1876 


GCCUCCAA G CUGUGCCU 


1754 


AGGCACAG GCcgaaagGCGaGuCaaGGuCu UUGGAGGC 


9325 


1 Don 


UviCCUUGu b UGVaCUUUG 


1755 


CAAAGCCA GCcgaaagGCGaGuCaaGGuCu CCAAGGCA 


9326 




rTTfT^a/3r*nr» /a nTTTiTTrtrsr!r« 
L>UUuruGUV3 V9 CUUUuGGG 


1756 


CCCCAAAG GCcgaaagGCGaGuCaaGGuCu CACCCAAG 


9327 




uL.UUUUuv3 v> CAUGGACA 


1757 


UGUCCAUG GCcgaaagGCGaGuCaaGGuCu CCCAAAGC 


9328 


X9X / 


UTTTT^a/^l^*^ ^ TTJVTTA7V Tl/^TV 

AUUwiUUU uauaaaga 


1758 


UCUUUAUA GCcgaaagGCGaGuCaaGGuCu GGGUCAAU 


9329 


x^ J J 


AAUUUGUA G CUUuUGUG 


1759 


CACAGAAG GCcgaaagGCGaGuCaaGGuCu UCCAAAUU 


9330 


1 QAA 
X744 


TTrTTnrTra/aa fi iiTTa/^T/^Tr' 
UUUuUUGA V7 UUAL>UL>UU 


1760 


GAGAGUAA GCcgaaagGCGaGuCaaGGuCu (JCCACAGA 


9331 




TiTl/'WW^/^ O^^TTTTV Z^ JV 

AUtJCaGGGG G CCUUAGAG 


1761 


CUCUAAGG GCcgaaagGCGaGuCaaGGuCu CCCCCGAU 


9332 


zU J± 


GCUUUAGA G UCUCCGGA 


1762 


UCCGGAGA GCcgaaagGCGaGuCaaGGuCu UCUAAGGC 


9333 


*>nco 


ACUAUACG G CAUUCAGG 


1763 


CCUGAGUG GCcgaaagGCGaGuCaaGGuCu CGUAUGGU 


9334 


omn 


uCAUUCAG G CAAGCUAU 


1764 


AUAGCUUG GCcgaaagGCGaGuCaaGGuCu CUGAGUGC 


9335 


•5 OTA 


TVllrt^501VJV ^^TTVTTTT/^T^ 

UCZAGGCAA G CUAUuCUG 


1765 


CAGAAUAG GCcgaaagGCGaGuCaaGGuCu UUGCCUGA 


9336 


on on 

ZU7U 




1766 


UCAACUCA GCcgaaagGCGaGuCaaGGuCu CCCAACAC 


9337 




UVaurv^UUGA G UuGAUGAA 


1767 


UUCAUCAA GCcgaaagGCGaGuCaaGGuCu uCACCCCA 


9338 


^Xu / 


Ui3AAU(^UA G UCACCUGG 


1768 


CCAGGUGG GCcgaaagGCGaGuCaaGGuCu UAGAUUCA 


9339 


^xXo 


CuALuUGG G UGGGAAGU 


1769 


ACUUCCCA GCcgaaagGCGaGuCaaGGuCu CCAGGUGG 


9340 


01 OO 


WjUGGGAA G UAAUUUGG 


1770 


CCAAAUUA GCcgaaagGCGaGuCaaGGuCu XJUCCCACC 


9341 




AAGAUCCA G CAuCCAGG 


1771 


CCUGGAUG GCcgaaagGCGaGuCaaGGuCu UGGAUCUU 


9342 


2155 


GGGaAUuA g uagucagc 


1772 


GCUGACUA GCcgaaagGCGaGuCaaGGuCu UAAUUCCC 


9343 


2158 


aauuagua G UCAGCUaU 


1773 


AUAGCUGA GCcgaaagGCGaGuCaaGGuCu UACUAAUU 


9344 


•51 £n 


AGUAGUCA G CuAUGUCA 


1774 


UGACAUAG GCcgaaagGCGaGuCaaGGuCu UGACUACU 


9345 


ZX 


AUGUCAAC 6 UUAAUAUG 


1775 


CAUAUUAA GCcgaaagGCGaGuCaaGGuCu GUUGACAU 


9346 


4^X03 


UAAUAUGG G CCUAAAAA 


1776 


UUUUUAGG GCcgaaagGCGaGuCaaGGuCu CCAUAUUA 


9347 


o o n D 


C^UAUUGUCa G UUULlACAU 


1777 


AUGUGAAA GCcgaaagGCGaGuCaaGGuCu CAGAAUAG 


9348 




AUUUUUG<J G CGAGAAAU 


1778 


GUUUCUCG GCcgaaagGCGaGuCaaGGuCu CCAAAAGU 


9349 


oo cn 

Z Z D u 




1779 


AAAAGACA GCcgaaagGCGaGuCaaGGuCu CAAAUAUU 


9350 


2272 


CUUUUGGA G UGUGGAUU 


X /o\J 


AAUCCACA GCcaaaaaGCGaGuPaafiRiidi nffaRAZvri 


9351 


2360 


ACGAAGAG G CA6GUCCC 


1781 


GGGACCUG GCcgaaagGCGaGuCaaGGuCu CUCUUCGU 


9352 


2364 


AGAGGCAG G UCCCCUAG 


1782 


CUAGGGGA GCcgaaagGCGaGuCaaGGuCu CU6CCUCU 


9353 


2403 


AGACGAAG G UCUCAAUC 


1783 


GAUUGAGA GCcgaaagGCGaGuCaaGGuCu CUUCGUCU 


9354 


2417 


AUCX3CCGC G UCXX^IGAA 


1784 


UUCUGCGA GCcgaaagGCGaGuCaaGGuCu GCGGCGAU 


9355 


2454 


CAAUGUUA G UAUUCCUU 


1785 


AAGGAAUA GCcgaaagGCGaGuCaaGGuCu UAACAUUG 


9356 


2474 


CACAUAAG 6 UGGGAAAC 


1786 


6UUUCCCA GCcgaaagGCGaGuCaaGGuCu COUAUGUG 


9357 
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2491 




1787 


f7&IVTT&&Ii^ flPoi^a a a/^rtPfSafil»i Pa a rtrtii Pi 1 PP^^3fTAMl 

vaA/\U/i/iM.Vj ^:rV,cga.cla9GLA7oGuuaaGGUL«U uUuvaUAAA 


9358 






1788 


f3PAAf2f2TT& f2P<^r»aaa/*rtPf2artsiPaart^iiPii PfSTTH^AAA 


9359 


2530 




1789 


Rni&RTnTTTfS filPr^naaartf2Pf2arttiPnart/2iiPii PftTTTTTTll^a/2 


9360 


2587 




1790 


APAAATTTTn nPorrsaaaonPnaniiPaafSriiiPii TTTTAPaiTPTT 


9361 






1791 


^ITT& f^r^^r^^ ^ ^f^r^f^Ti t f^f^^ •% « ^/^^3V ^7V TV A 

uUAAVvVjUu VjL.C^a.9.a9^^^^^U^cL3^GGuUu LL-uALAAA 


9362 






1792 


UUL^UUUA V3^C9acia^UUjaGUuaa,GGuUU UGUAAGGG 


9363 




PPTTfiPTTISirt n TTTTTTTTATTPP 


1793 


VaVjAUAAftA VjUCyaaagGGGaGUGaaGGUGU LUAGuAGG 


9364 


^ / U J. 


ATIPA2XAPP CI, TTATTTTATTPP 


1794 


ov»AUAAU-rV uL.CyaaayGGGaGU.L.aaGGUL.U GGUUUGAU 


9365 


971 1 


TTATTPPAOA O TTATTRTTAniT 


1795 




9366 


979n 


AniTIiTTnTTA fit TTTTAaTTPliTT 


1796 


AUV:tAUUAA vjl^CyaaagGvJGaGUGaaGGUCU uauaua^^u 


9367 


97f; n 

^ r o o 


TTtTTTnWaafl fa Pfif3fJr!a.TTP 


1797 


GAUGGGGG Gv^CgSlSiagGCGaGUCaaGGUCU CUUCCAAA 


9368 






1798 


cjGUGUGGA GCcgaaagGCGaGuCaaGGuCu uCUCUUuU 


9369 






1799 


AGGCGCUA GCcgaaagGCGaGuCaaGGuCu G176UGGAC 


9370 






1800 


AUGAGGCG GCcgaaagGCGaGucaaGGuCu uACGuGUG 


9371 


001 Q 

zolo 


TTf TTTTT/^Onr* TT/^An^^MTR 


1801 


UAUGGUGA GCcgaaagGCGaGuCaaGGuCu CCGCAAAA 


9372 






1802 


CUCCCAUG GCcgaaagGCGaGuCaaGGuCu UGUAGAUC 


9373 


2857 


CAUOKjGAG g uuggucuu 


1803 


AAGACCAA GCcgaaagGCGaGuCaaGGuCu CUCCCAUG 


9374 




GGAGCaUUG G UCUUCCAA 


1804 


UUGGAAQA GCcgaaagGCGaGuCaaGGuCu CAACCUCC 


9375 


O O 1 


T T/^/^ TV 51 IV IV ^ ^ATT/VSO/^IV 

Uv^GAAAAG G LIAUGGGGA 


1805 


UCCCCAUG GCcgaaagGCGaGuCaaGGuCu CUUUUCGA 


9376 


«7 Jo 


GAUVilAUiJA iar UUGucAuCl- 


1806 


GGGUCCAA GCcgaaagGCGaGuCaaGGuCu UGAUGAUC 


9377 




UAUUl,,.AAA Vv CwlAdJlJA 


1807 


UGAGUUGG GCcgaaagGOGaGuCaaGrGuCu UUUGAAUG 


9378 




r'P'RxrTTr'ii o TT*R,*TTr»r*B, 
ULJvA^UvJA \3 UAAAUUUA 


1808 


TJGGAUUUA GCcgaaagGCGaGuCaaGGuCu UGAGUUGG 


9379 


juud 


GAUAAL.UG G ^\JGGAL.GL. 


1809 


GCGUCCGG GCcgaaagGCGaGuCaaGGuCu CAGUUGUC 


9380 






1610 


UAL.UUCCA GCcgaaagGCGaGuCaaGGuCu CuUGUUGQ 


9381 






1811 


UGCUCCCA GCcgaaagGCGaGuCaaGGuCu UCCCACCU 


9382 




GAGUGGGA G L-AUUUGGG 


1812 


CCCGAAUG GCcgaaagGCGaGuCaaGGuCu UCCCACUC 


9383 


•a n A 1 


V3UAUUW.GV7 Gr UUAGvioUU 


1813 


AACCCUGG GCcgaaagGCGaGuCaaGGuCu CCGAAUGC 


9384 


'3 0A7 


V9V9UL.UAurG u UUCAUuCC 


1814 


GGGGUGAA GCcgaaagGCGaGuCaaGGuCu CCUGGCCC 


9385 


JU / / 


UUGUUGuG u UvjGAGGG^ 


1815 


GGGCUCCA GCcgaaagGCGaGuCaaGGuCu CCCAACAG 


9386 




uGVJliUGliA U^UUlJAvJG 


1816 


CGUGAGGG GCcgaaagGCGaGuCaaGGuCu UCCACCCC 


9387 




UG^ULAGG G GCUAGUUA 


1817 


UGAGUAGG GCcgaaagGCGaGuCaaGGuCu CCUGAGC6 


9388 


3117 


CUGUGCCA G CAGCUCCU 




AGGA6CUG GCnaaaaaGCGaGiiCasdiCiuCii tTfifSPAPAfi 


9389 


3120 


UGCCAGCA G CUCaJCCU 


1819 


AGGAGGAG GCcgaaagGCGaGuCaaGGuCu UGCUGGCA 


9390 


3146 


ACCAAUCG G CAGUCAGG 


1820 


CCUGACUG GCcgaaagGCGaGuCaaGGuCu CGAUUGGU 


9391 


3149 


AAUCGGCA G UCAGGAAG 


1821 


CUUCCUGA GCcgaaagGCGaGuCaaGGuCu UGCCGAUU 


9392 


3158 


UCAGGAAG G CAGCCUAC 


1822 


GUAGGCUG GCcgaaagGCGaGuCaaGGuCu CUUCCUGA 


9393 


3161 


GGAAGGCA G CCUACUCC 


1823 


GGAGUAGG GCcgaaagGCGaGuCaaGGuCu UGCCUUCC 


9394 


3204 


AUCCUCAG G CCAUGCAG 


1824 


CUGCAUGG GCcgaaagGCGaGuCaaGGuCu CUGAGGAU 


9395 



Input Sequence » AF100308. Cut Site s YG/M or UG/U. 

Stem Length a 8 . Core Sequence t= GCcgaaagGCGaGuCaaGGuCu 

AF100308 (Hepatitis B virus strain 2-18, 3215 bp) 
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TABLE K: HUMAN HBV DNAZYME AND SUBSTRATE SEQUENCE 



POB 


Substrate 


Seg ID 


DNAzyme 


Seq ID 


508 


CAACCAGC A CCGGACCA 


833 


TGGTCCGG GGCTAGCTACAACGA GCTGGTTG 


9396 


1632 


GAACGCCC A CA6GAACC 


1096 


GGTTCCTG GC3CTAGCTACAACGA GGGCGTTC 


9397 


2992 


CAACCCGC A CAAGGACA 


1376 


TGTCCTTG GGCTAGCTACAACGA GCGGGTTG 


9398 


61 


ACUUUCCU G CUGGUGGC 


1448 


GCCACCAG GGCTAGCTACAACGA AGGAAAGT 


9399 


94 


UGAGCCCU G CUCAGAAU 


1450 


ATTCTGAG GGCTAGCTACAACGA AGGGCTCA 


9400 


112 


CUGUCUCU G CCAUAUCG 


1451 


CGATATGG. GGCTAGCTACAACGA AGAGACAG 


9401 


169 


AQAACAUC G CAUCAG6A 


1454 


TCCTGATG GGCTAGCTACAACGA GATGTTCT 


9402 


192 


GGACCCOJ G CUCGUGUU 


1455 


AACACGAG GGCTAGCTACAACGA AGGGGTCC 


9403 


315 


CAAAAUUC G CAGUCCCA 


1457 


TGGGACTG GGCTAGCTACAACGA GAATTTTG 


9404 


374 


UGGUUAUC G CUGGAUGU 


1458 


ACATCCAG GGCTAGCTACAACGA GATAACCA 


9405 


387 


AUGUGUCU G CGGCGUUU 


1459 


AAACGCCG GGCTAGCTACAACGA AGACACAT 


9406 


410 


CUUCCUCU G CAUCCUGC 


1460 


GCAGGATG GGCTAGCTACAACGA AGAGGAAG 


9407 


417 


UGCAUCCU G CUGCUAUG 


1461 


CATAGCAG GGCTAGCTACAACGA AGGATGCA 


9408 


420 


AUCCUGCU G CUAUGCCU 


1462 


AGGCATAG GGCTAGCTACAACGA AGCAGGAT 


9409 


425 


GCUGCUAU G CCUCAUCU 


1463 


AGATGAGG GGCTAGCTACAACGA ATAGCAGC 


9410 


468 


GGUAUGUU G CCCGUUUG 


1464 


CAAACGGG GGCTAGCTACAACGA AACATACC 


9411 


518 


CGGACCAU G CAAAACCU 


1465 


AGGTTTTG GGCTAGCTACAACGA ATGGTCCG 


9412 


527 


CAAAACCU G CACAACUC 


1466 


GAGTTGTG GGCTAGCTACAACGA AGGTTTTG 


9413 


538 


CAACUCCU G CUCAAGGA 


1467 


TCCTTGAG GGCTAGCTACAACGA AGGAGTTG 


9414 


569 


CUCAUGUU G CUGUACAA 


1468 


TTGTACAG GGCTAGCTACAACGA AACATGAG 


9415 


596 


CX3GAAACU G CACCUQUA 


1469 


TACAGGTG GGCTAGCTACAACGA AGTTTCOG 


9416 


631 


GGGCUUUC G CAAAAUAC 


1470 


GTATTTTG GGCTAGCTACAACGA GAAAGCCC 


9417 


687 


UUACUAGU G CCAUUUGU 


1471 


ACAAATGQ GGCTAGCTACAACGA ACTAGTAA 


9418 


795 


CCCUUUAU G CCGCUGUU 


1474 


AACAGCGG GGCTAGCTACAACGA ATAAA6GG 


9419 


798 


UUUAUGCC G CUGUUACC 


1475 


GGTAACAG GGCTAGCTACAACGA GGCATAAA 


9420 


911 


GGCACAUU G CCACAGGA 


1476 


TCCTGTGG GGCTAGCTAC/^CGA AATGTGCC 


9421 


1020 


UGGGGUUU G CCGCCCCU 


1479 


AGGGGCGG GGCTAGCTACAACGA AAACCCCA 


9422 


1023 


GGUUUGCC G CCCCUUUC 


14B0 


6AAAGGGG GGCTAGCTACAACGA GGCAAACC 


9423 


1034 


CCOUUCAC G CAAUGU6G 


1481 


CCACATTG GGCTAGCTAC7ACQA GTQAAAGG 


9424 


1050 


GAUAUUCU G CUUUAAUG 


1482 


CATTAAAG GGCTAGCTACAACGA AGAATATC 


9425 


1058 


GCUUQAAU G CCUUUAUA 


1483 


TATAAAGG GGCTAGCTACAACGA ATTAAAGC 


9426 


1068 


CUUUAUAU G CAUGCAUA 


1484 


TATGCATG GGCTAGCTACAACGA ATATAAAG 


9427 


1072 


AUAUGCAU G CAUACAAG 


1485 


CTTGTATG GGCTAGCTACAACGA ATGCATAT 


9428 


1103 


ACUUUCUC G CCAACUUA 


1486 


TAAGTTGG GGCTAGCTACAACGA GAGAAAGT 


9429 


1155 


ACCCCGUU G OJCGGCAA 


1468 


TTGCCGAG GGCTAGCTACAACGA AACGGGGT 


9430 


1177 


U6GUCUAU G CCAAGaGU 


1489 


ACACTTGG GGCTAGCTACAACGA ATAQACCA 


9431 


1188 


AAGUGUUU G CUGACGCA 


1490 


TGCGTCAG GGCTAGCTACAACGA AAACACTT 


9432 


1194 


UUGCUGAC G CAACCCGC 


1492 


GGGGGTTG GGCTAGCTACAACGA GTCAGCAA 


9433 


1234 


CCAUCAGC G CAUGCGUG 


1493 


CACGCATG GGCTAGCTACAACGA GCTGATGG 


9434 


1238 


CAGCGCAU G CGUGGAAC 


1494 


GTTCCACG GGCTAGCTACAACGA ATGCGCTG 


9435 


1262 


UCUCCUCU G CCGAUCCA 


1495 


TGGATCGG GGCTAGCTACAACGA AGAGGAGA 


9436 


1275 


UCCAUACC G CGGAACUC 


1497 


GAGTTCCG GGCTAGCTACAACGA GGTATGGA 


9437 


1290 


UCCUAGCC G CUUGUUUU 


1496 


AAAACAAG GGCTAGCTACAACGA GGCTAGGA 


9438 


1299 


CUUGUUUU G CUCGCAGC 


1499 


GCTGCGAG GGCTAGCTACAACGA AAAACAAG 


9439 


1303 


UUUUGCUC G CAGCAGGa 


1500 


ACCTGCTG GGCTAGCTACAACGA GAGCAAAA 


9440 


1349 


UCUGUCGU G CUCUCCCG 


1502 


CGGGAGAG GGCTAGCTACAACGA ACGACAGA 


9441 


1357 


GCUOJCCC G CAAAUAUA 


1503 


TATATTTG GGCTAGCTACAACGA GGGAGAGC 


9442 
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1382 


CCAUGGCU G CUAGGCUG 


1504 


CAGCCTAG G3CTA6CTACAACGA AGCCATGG 


9443 


1392 


UAGGCUGU G CUGCCAAC 


1505 


GTTGGCAG GGCTAGCTACAACGA ACAGCCTA 


9444 


1395 


GCUGUGCU G CCAACUGG 


1506 


CCAGTTGG GGCTAGCTACAACGA AGCACAGC 


9445 


1411 


GAUCCUAC 6 CX3GGACGU 


1507 


ACGTCCCG GGCTAGCTACAACGA GTAGGATC 


9446 


1442 


CCGUCGGC G CUGAAUCC 


1508 


GGATTCAG GGCTAGCTACAACGA GCCGACGG 


9447 


1452 


UGAAUCCC G CGGACGAC 


1510 


GTCGTCCG GGCTAGCTACAACGA GGGATTCA 


9448 


1474 


CCGGGGCC G CUUGGGGC 


1512 


GCCCCAAG GGCTAGCTACAACGA GGCCCCGG 


9449 


1489 


GCUCUACC G CCCGCUUC 


1513 


GAA6CGGG GGCTAGCTACAACGA GGTAGAGC 


9450 


1493 


UACCGCCC G CUUCUCCG 


1514 


CGGAGAAG GGCTAGCTACAACGA GGGCG6TA 


9451 


1501 


GCUUCUCC G CCUAUUGU 


1515 


ACAATAGG GGCTAGCTACAACGA GGAGAAGC 


9452 


1528 


CACGGGGC G CACCUCUC 


1517 


GAGAGGTG GGCTAGCTACAACGA GCCCCGTG 


9453 


1542 


CUCUUUAC G CGGACUCC 


1518 ^ 


GGAGTCCG GGCTAGCTACAACGA GTAAAGAG 


9454 


1559 


CCGUCUGU G CCUUCUCA 


1519 


TGAGAAGG GGCTAGCTACAACGA ACAGACGG 


9455 


1571 


UCUCAUCU G CCGGACCG 


1520 


CGGTCCGG GGCTAGCTACAACGA AGATGAGA 


9456 


1583 


GACCGUGU G CACUUCGC 


1521 


GCGAAGTG GGCTAGCTACAACGA ACAOGGTC 


9457 


1590 


UGCACUUC G CUUCACCU 


1522 


AGGTGAAG GGCTAGCTACAACGA GAAGTGCA 


9458 


1601 


UCACCUCT G CACGUCGC 


1523 


GCGACGTG GGCTAGCTACAACGA AGAGOTGA 


9459 


1608 


UGCACGUC G CAUGGAGA 


1524 


TCTCCATG GGCTAGCTACAACGA GACGTGCA 


9460 


1626 


CCGUGAAC G CCCACAGG 


1526 


CCTGTGGG GGCTAGCTACAACGA GTTCACGG 


9461 


1642 


AGGAACCU G CCCAAG6U 


1527 


ACCTTGGG GGCTAGCTACAACGA AGGTTCCT 


9462 


1654 


AAGGUCUU G CAUAAGAG 


1528 


CTCTTATG GGCTAGCTACAACGA AAGACCTT 


9463 


1818 


AGCACCAU G CAACUUUU 


1533 


AAAAGTTG GGCTAGCTACAACGA ATGGTGCT 


9464 


1835 


UCACCUCU 6 CCUAAUCA 


1534 


TGATTAGG GGCTAGCTACAACGA AGAGGTGA 


9465 


1883 


CAAGCUGU G CCUUGGGU 


1535 


ACCCAAG6 GGCTAGCTACAACGA ACAGCTTG 


9466 


1959 


UCUUUUUU G CCUUCUGA 


1537 


TCAGAAGG GGCTAGCTACAACGA AAAAAAGA 


9467 


2002 


UCGACACC G CCUCUGCU 


1541 


AGCAGAGG GGCTAGCTACAACGA GGTGTCGA 


9468 


2008 


CCGCCUCU G CUCUGUAU 


1542 


ATACAGAG GGCTAGCTACAACGA AGAGGCGG 


9469 


2282 


GUGGAUUC G CACUCCUC 


1548 


GAGGAGTG GGCTAGCTACAACGA GAATCCAC 


9470 


2293 


CUCCUCCU G CAUAUAGA 


1549 


TCTATATG GGCTAGCTACAACGA AGGAGGAG 


9471 


2311 


CACCAAAU G CCCCUAUC 


1550 


GATAGGGG GGCTAGCTACAACGA ATTTGGTG 


9472 


2388 


ACUCCCUC G CCUCGCAG 


1552 


CTGCGAG6 GGCTAGCTACAACGA GAGGGAGT 


9473 


2393 


CUCGCOJC G CAGACX3AA 


1553 


TTCGTCTG GGCTAGCTACAACGA GAGGCGAG 


9474 


2412 


UCUCAAUC G CCGCGUCG 


1555 


CGACGCGG GGCTAGCTACAACGA GATTGAGA 


9475 


2415 


CAAUCGCC G CGOCGCAG 


1556 


CTGCGACG GGCTAGCTACAACGA GGCGATTG 


9476 


2420 


GCCGCGUC G CAGAAGAU 


1557 


ATCTTCTG GGCTAGCTACAACGA GACGCGGC 


9477 


2514 


GGUACOKJ G CUUUAAUC 


1558 


GATTAAAG GGCTAGCTACAACGA AAGGTACC 


9478 


2560 


AUUCAUUU G CAGGAGGA 


1560 


TCCTCCTG GGCTAGCTACAACGA AAATGAAT 


9479 


2641 


UUAACUAU G CCUGCUAG 


1563 


CTAGCAGG GGCTAGCTACAACGA ATAGTTAA 


9480 


2645 


CUAUGCCU G CUAGGUUU 


1564 


AAACCTAG GGCTAGCTACAACGA AGGCATAG 


9481 


2677 


AAAUAUUU G CCCUUAGA 


1565 


TCTAAGGG GGCTAGCTACAACGA AAATATTT 


9482 


2740 


UUCCAGAC G CGACAUUA 


1566 


TAATGTCG GGCTAGCTACAACGA GTCTGGAA 


9483 


2804 


CACGUAGC G CCUCAUUU 


1568 


AAATGAGG GGCTAGCTACAACGA GCTACGTG 


9484 


2814 


OJCAUUUU G CGGGUCAC 


1569 


GTGACCCG GGCTAGCTACAACGA AAAATGAG 


9485 


2946 


UGGACCCU G CAUUCAAA 


1572 


TTTGAATG GGCTAGCTACAACGA AGGGTCCA 


9486 


2990 


CUCAACCC G CACAAGGA 


1573 


TCCTTGTG GGCTAGCTACAACGA GGGTTGAG 


9487 


3012 


GGCCGGAC G CCAACAAG 


1574 


CTTGTTGG GGCTAGCTACAACGA GTCCGGCC 


9438 


3090 


GCCCUCAC G CUCAGGGC 


1575 


GCCCTGAG GGCTAGCTACAACGA GTGAGGGC 


9489 


3113 


ACAACUGU G CCAGCAGC 


1576 


GCTGCTGG GGCTAGCTACAACGA ACAGTTGT 


9490 


3132 


CUCCUCCU G CCUCCACC 


1577 


GGTGGAGG GGCTAGCTACAACGA AGGAGGAG 


9491 


51 


AGGGCCCU G UACUUUCC 


1578 


GGAAAGTA GGCTAGCTACAACGA AGGGCCCT 


9492 


106 


AGAAUACU G UCUCUGCC 


1579 


GGCAGAGA GGCTAGCTACAACGA AGTATTCT 


9493 
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148 


GuCaACCCU G UACCGAAC 


1580 


GTTCGGTA GGCTAGCTACAACXxA AGGGTCCG 


9494 


198 


CUGCUCGU G UUACAGGC 


1581 


f^fw^tnnttt^ TV n^^miv^^<imTv ^iv TV n^iv Tv^imv^^iv^ 

GCCTGTAA GGCTAGCTACAACGA ACGAGCAG 


9495 


219 


UUUUUCUU G UuGACAAA 


1582 


iiHimv^m^ik TV ^^I'miivn^mTv /Tiv tv^v^tv tvtv/^tvtvTvtvtv 

TTTGTCAA GGCTAGCTACAACGA AAGAAAAA 


9496 


297 


AUAt-LLGU UGUCUUGG 


1583 


IV IV ^ TV ^ TV O/^/^IVTl O/^fT^TV /^IV TV /^/^Tl TV /^0/^/*IT1/^n* 

CCAAGACA GGCTAGCTACAACGA ACGGGTGT 


9497 


O O Q 


AL.L.(JGUGU G UCUUGGCC 


1584 


GGCCAAGA GGCTAGCTACAACGA ACACGGGT 


9498 


A 1 


ACCAACCU G UUGUCCUC 


1585 


GAGGACAA GGCTAGCTACAACGA AGGTTGGT 


9499 


350 


JV7V/*l^^T^TTTT TT^^TT^/*17\ TV 

AACt*U(jUU G UCLUt-CAA 


1586 


nrnvi/^ TV TV ^^^"wt«tv ^/"vnTi /tTv tv /vttv tv tv «tv /^^mriT 

TTGGAGGA GGCTAGCTACAACGA AACAGGTT 


9500 




UL.L.AAUUU G UV^UUooUU 


1587 


TV a /^/^ TV ^^/^ TV r^or^'PTV/'T^'IiTV /^A TV A TV TV A'l"P/y^7V 

AALUAliijA oksu 1 AoL 1 AC-AALGA AAAT a GGA 


9501 




^viv#UuGAU U UGUCUoUv? 


1588 


CGCAGACA GGL. L AGL i AuAALGA A TCCAtaCG 


9502 


^ a Q 


UUvjuAUGU G UCUGCGGU 


1589 


r^ftr^r^r^T^ /~i a /^^/TpTv^rvpA/^A a^^a a r^AiTi/^/^A/*T 
GCCGCAGA GGCTAGCTACAACGA ACATCCAG 


9503 


4 J O 


TiTT/^TTTrTTTT TTTT/VrTTTnTT 

AUv^UULrUU G UUGGUULU 


1590 


TV TV Tl TV TV ^(^^^^^n^ ^l^fiTlTV /^TV TV ^^J^TV TV TV ^ TV TV ^ TV ITI 

AGAACCAA GGCTAGCTACAACGA AAGAAGAT 


9504 


465 


CAAGGUAU G UUGCCCGU 


1591 


TV /^/^ r^A^ ^ TV TV TV ^OrTI TV /^TV TV TV n nm ^Mttawt^ 

ACGGGCAA GGCTAGCTACAACGA ATACCTTG 


9505 


476 


GCCCX3UUU G UCCUCUAA 


1592 


TTAGAGGA GGCTAGCTACAACGA AAACGGGrC 


9506 


555 


ACCUCUAU G UUUCCCUC 


1593 


GAGGGAAA GGCTAGCTACAACGA ATAGAGGT 


9507 


566 


UCCCUCAU G UUGCuGUA 


1594 


TACAGCAA GGCTAGCTACAACGA ATGAGGGA 


9508 


572 


AUGUUGCU G UACAAAAC 


1595 


GTTTTGTA GGCTAGCTACAACGA AGGAACAT 


9509 


602 


CUGCACCU G UAUUCCCA 


1596 


TGGGAATA GGCTAGCTACAACGA AGGTGCA6 


9510 


694 


UGCCAUUU G UUCAGUGG 


1597 


^^TV /"If H/^ TV TV /^/^ TV K^^^trriTV ^TV TV /"I^TV TV TV Tfc m^^^Tv 

CCACTGAA GGCTAGCTACAACGA AAATGGCA 


9511 


724 


L.L.CCCACU G UCUGGCUU 


1598 


TV TV ^^^TV^ TV m ITV ^l^ffTTTV ^TTV TV TV TV ^^fn^^^^^i^ 

AAGCCAGA GGCTAGCTACAACGA AGTGGGGG 


9512 


750 


UGGAUGAXJ G UGGUUuuG 


1599 


CAAAACCA GGCTAOGTACAACGA ATCATCCA 


9513 


771 


CCAAGuCU G UACAACAU 


1600 


ATGTTGTA GGCTAGCTACAACGA AGACTTGG 


9514 


801 


AUGCCGCu G UUACCAAU 


1601 


ATTGGTAA GGCTAGCTACAACGA AGCGGCAT 


9515 


818 


TJlJUCUUuU G UCUUUGGG 


1602 


CCCAAAGA GGCTAGCTACAACGA AAAAGAAA 


9516 


888 


UGGGAUAU G UAAuUGGg 


1603 


CCCAATTA GGCTAGCTACAACGA ATATCCCA 


9517 


927 


AACAUAUU G UACAAAAA. 


1604 


TTTTTGTA GGCTAGCTACAACGA AATATGTT 


9518 


944 


AuCAAAAU G UGUuUuAG 


1605 


CTAAAACA GGCTAGCTACAACGA ATTTTGAT 


9519 


946 


CAAAAUGU G UUUUAGGA 


1606 


TCCTAAAA GGCTAGCTACAACGA ACATTTTG 


9520 


963 


AACUUCCU G UAAACAGG 


1607 


CCTGTTTA GGCTAGCTACAACGA AGGAAGTT 


9521 


991 


^ TV TV ^V^TTIVTT ^ TTmV Tl ^"Vl « Tl 

GAAAGUAU G UCAACGAA 


1608 


TTCGTTGA GGCTAGCTACAACGA ATACTTTC 


9522 


1002 


AAuGAAUU G UGGGUCUU 


1609 


AAGACCCA GGCTAGCTACAACGA AATTCGTT 


9523 




LAL.GLAAIJ G UGGAUAUU 


1610 


TV TV mTv rn tv ^^^tmTv ^^ititv ^ tv tv /^/^ tv t^ /-t/^rrr/^ 

AATATCCA GGCTAGCTACAACGA ATTGC6TG 


9524 


1137 


AAL.AbUAU G UGAAL.GUU 


1611 


AAGGTTCA GGCTAGCTACAACGA ATACTGTT 


9525 


1184 


UGULAAGU G UUUGGUGA 


1612 


TCAGCAAA GGCTAGCTACAACGA ACTTGGCA 


9526 


1251 


TV TV ^/ 11 11 T TT/*tTT^PTT^»^TT 

GAACCUUU G UGuCUCCU 


1613 


AGGAGACA GGCTAGCTACAACGA AAAGGTTC 


9527 


1253 


ACCUUUGU G UCuCCUCU 


1614 


AGAGGAGA GGCTAGCTACAACGA ACAAAGGT 


9528 


1294 


AGCCGCuU O UUUUGCUC 


1615 


GAGCAAAA GGCTAGCTACAACGA AAGCGGCT 


9529 


1344 


ACAAUUCU O UCGuGCUC 


1616 


GAGCACGA GGCTAGCTACAACGA AGAATTGT 


9530 


1390 


GCUAGQCU G UGCUGCCA 


1617 


TGGCAGCA GGCTAGCTACAACGA AGCCTAGC 


9531 


1425 


CGUCCUUU G UUUACGUC 


1618 


GACGTAAA GGCTAGCTACAACGA AAAGGACG 


9532 


1508 


^VT^^TTTTVTTTT T TTV i^^T^* /^r^ 

CGCCUAUu G UACCGACC 


1619 


GGTCGGTA GGCTAGCTACAACGA AATAGGCG 


9533 


1557 


CCCCGUCU G UGCCuuCU 


1620 


AGAA6GCA GGCTAGCTACAACGA AGACGG6G 


9534 


1581 


CGGACCGU G UGCACUUC 


1621 


GAAGTGCA GGCTAGCTACAACGA ACGGTCCG 


9535 


t CO A 

1684 


TTOR^OHJVTT ^ TT^TV TV ^W^Tl « 

UCAGCAAU G UCAACGAC 


1622 


GTCGTTGA GGCTAGCTACAACGA ATTGCTGA 


9536 


1719 


CAAAGACU G UGUGUuUA 


1623 


TAAACACA GGCTAGCTACAACGA AGTCTTTG 


9537 


1721 


AAGACUGtT Q UfSTJntTAATI 


1624 




9538 


1723 


GACUGUGU G UUUAAUGA 


1625 


TCATTAAA GGCTAGCTACAACGA ACACAGTC 


9539 


1772 


AGGUCUUU G UACUAGGA 


1626 


TCCTAGTA GGCTAGCTACAACGA AAAGACCT 


9540 


1785 


AGGAGGCU G UAGGCAUA 


1627 


TATGCCTA GGCTAGCTACAACGA AGCCTCCT 


9541 


1801 


AAAUUGGU G UGUUCACC 


1628 


GGTGAACA GGCTAGCTACAACGA ACCAATTT 


9542 


1803 


AUUGGUGU G UUCACCAG 


1629 


CTGGTGAA GGCTAGCTACAACGA ACACCAAT 


9543 


1850 


CAUCUCAU G UUCAUGUC 


1630 


GACATGAA GGCTAGCTACAACGA ATGAGATG 


9544 
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1856 


AUGUUCAU G UCCUACUG 


1631 


CAGTAGGA GGCTAGCTACAACGA ATGAACAT 


9545 


1864 


GUCCUACU G UUCAAGCC 


1632 


GGCTTGAA GGCTAGCTACAACGA AGTAGGAC 


9546 


1881 


UCCAAGCU G UGCCUUGG 


1633 


CCAAGGCA GGCTAGCTACAACGA AGCTTGGA 


9547 


1939 


GAGCUUCU G UGGAGUUA 


1634 


TAACTCCA GGCTAGCTACAACGA AGAAGCTC 


9548 


2013 


UCUGCUCa G UAUCGGGG 


1635 


CCCOGATA GGCTAGCTACAACGA AGAGCAGA 


9549 


2045 


GGAACAUU G UUCACCUC 


1636 


GAGGTGAA GGCTAGCTACAACGA AATGTTCC 


9550 


2082 


GCUAUUCU G UGUUGGGG 


1637 


CCCCAACA GGCTAGCTACAACGA AGAATAGC 


9551 


2084 


UAUUCUGU G UUGGGGUG 


1638 


CACCCCAA GGCTAGCTACAACGA ACAGAATA 


9552 


2167 


UCAGCUAU G UCAACGUU 


1639 


AACGTTGA GGCTAGCTACAACGA ATAGCTGA 


9553 


2205 


CAACUAUU G UGGUUUCA 


1640 


TGAAACCA GGCTAGCTACAACGA AATAGTTG 


9554 


2222 


CAUUUCCU G UCUUACUU 


1641 


AAGTAAGA GGCTAGCTACAACGA AGGAAATG 


9555 


2245 


GAGAAACU G UUCUUGAA 


1642 


TTCAAGAA GGCTAGCTACAACGA AGTTTCTC 


9556 


2262 


UAUUUGGU G UCUUUUGG 


1643 


CCAAAAGA GGCTAGCTACAACGA ACCAAATA 


9557 


2274 


UUUGGAGU G UGGAUUC6 


1644 


CGAATCCA GGCTAGCTACAACGA ACTCCAAA 


9558 


2344 


AAACUACU G UUGUUAGA 


1645 


TCTAAC;^ GGCTAGCTACAACGA AGTAGTTT 


9559 


2347 


CUACUGUU G UUAGACGA 


1646 


TCGTCTAA GGCTAGCTACAACGA AACAGTAG 


9560 


2450 


AUCUCAAU G UUAGUAUU 


1647 


AATACTAA GGCTAGCTACAACGA ATTGAGAT 


9561 


2573 


T^GGACAUU G UUGAUAGA 


1648 


TCTATCAA GGCTAGCTACAACGA AATGTCCT 


9562 


2583 


UGAUAGAU G UAAGCAAU 


1649 


ATTGCTTA GGCTAGCTACAACGA ATCTATCA 


9563 


2594 


AGCAAUUU G UGGGGCCC 


1650 


GGGCCCCA GGCTAGCTACAACGA AAATTGCT 


9564 


2663 


AUCCCAAU G UUACUAAA 


1651 


TTTAGTAA GGCTAGCTACAACGA ATTGGGAT 


9565 


2717 


CAGAGUAU G UAGUUAAU 


1652 


ATTAACTA GGCTAGCTACAACGA ATACTCTG 


9566 


2901 


AUOJUUCU G UCCCCAAU 


1653 


ATTGGGGA GGCTAGCTACAACGA AGAAAGAT 


9567 


3071 


GGGGGAOJ G UUGGGGUG 


1654 


CACCCCAA GGCTAGCTACAACGA AGTCCCCC 


9568 


3111 


UCACAACU G U6CCAGCA 


1655 


TGCTGGCA GGCTAGCTACAACGA AGTTGTGA 


9569 


40 


AUCCCAGA G UCAGGGCC 


1656 


GGCCCTGA GGCTAGCTACAACGA TCTGGGAT 


9570 


46 


GAGUCAGG G CCCUGUAC 


1657 


GTACAGGG GGCTAGCTACAACGA CCTGACTC 


9571 


65 


UCCUGCUG G UGGCUCCA 


1658 


TGGAGCCA GGCTAGCTACAACGA CAGCA6GA 


9572 


68 


UGCUGGUG G CUCCAGUU 


1659 


AACTGGAG GGCTAGCTACAACGA CACCAGCA 


9573 


74 


UGGCUCCA G UUCAGGAA 


1660 


TTCCTGAA GGCTAGCTACAACGA TGGAGCCA 


9574 


85 


CAGQAACA 6 UGAGCCCU 


1661 


AGGGCTCA GGCTAGCTACAACGA TGTTCCTG 


9575 


89 


AACAGUGA Q CCCUGCUC 


1662 


GAGCAGGG GGCTAGCTACAACGA TCACT6TT 


9576 


120 


GCCAUAUC G UCAAUCUU 


1663 


AAGATTGA GGCTAGCTACAACGA GATATGGC 


9577 


196 


CCCUGCUC G UGUUACAG 


1664 


CTGTAACA GGCTAGCTACAACGA GAGCAGGG 


9578 


205 


UGUUACAG G CGGGGUUU 


1665 


AAACCCCG GGCTAGCTACAACGA CTGTAACA 


9579 


210 


CAGGCGGG G UUUUUCUU 


1666 


AAGAAAAA GGCTAGCTACAACGA CCCGCCTG 


9580 


248 


ACCACAGA G UCUAGACU 


1667 


AGTCTAGA GGCTAGCTACAACGA TCTGTGGT 


9581 


258 


CUAGACUC G UGGUGGAC 


1668 


GTCCACCA GGCTAGCTACAACGA GAGTCTAG 


9582 


261 


OACUCGUG G UGGACUUC 


1669 


GAAQTCCA GGCTAGCTACAACGA CACGAGTC 


9583 


295 


GAACACCC G UGUGUCUU 


1670 


AAGACACA GGCTAGCTACAACGA GGGTGTTC 


9584 


305 


GUGUCUUG G CCAAAAUU 


1671 


AATTTTGG GGCTAGCTACAACGA CAAGACAC 


9585 


318 


AAUUCGCA G UCCCAAAU 


1672 


ATTTGGGA GGCTAGCTACAACGA TGCGAATT 


9586 


332 


AAUCUCCA G UCACUCAC 


1673 


GTGAGTGA GGCTAGCTACAACGA TGGAGATT 


9587 


368 


UUGUCCUG G UUAUCQCU 


1674 


AGCGATAA GGCTAGCTACAACGA CAGGACAA 


9588 


390 


UGUCUGCG G CGUUUUAU 


1675 


ATAAAACG GGCTAGCTACAACGA CGCAGACA 


9589 


392 


UCUGCGGC G UUUUAUCA 


1676 


TGATAAAA GGCTAGCTACAACGA GCCGCAGA 


9590 


442 


UCUUGUUG G UUCUUCUG 


1677 


CAGAAGAA GGCTAGCTACAACGA CAACAAGA 


9591 


461 


CUAUCAAG G UAUGUUGC 


1678 


GCAACATA GGCTAGCTACAACGA CTTGATAG 


9592 


472 


UGUUGCCC G tJUUGUCCU 


1679 


AGGACAAA GGCTAGCTACAACGA GGGCAACA 


9593 


506 


AACAACCA G CACCGGAC 


1680 


GTCCGGTG GGCTAGCTACAACGA TGGTTGTT 


9594 


625 


CAUCUUGG G CUUUCGCA 


1681 


TGCGAAAG GGCTAGCTACAACGA CCAAGATG 


9595 
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1682 


uAutVA..UuA VmLIAIuvLXALAAUVxA ICCLAiAo 


9596 


632 


Ka^J^3A^3\J\3^J vi L.L.UlJAuUL. 


1683 


uACTGAvaru GGLlAuLXALAAUGA CCAL1LL.L. 


9597 


f C Q 
ODD 




1684 


TV TV TV r*r^ry A ^ar'/'^TJir^r'Tik/^n Aor»A t"/^ a r^r^r^r^r^ 
LxAAALVaVxA ViuL I A^^L. 1 ALAALoA I GAuoLLL 


9598 






1685 


AALrALiAAA liVjUxAoLl ALAALGA uGALiGAo 


9599 


o fZ 


UUuULULJLt \a LuUAGUUU 


1686 


AAA/^T'/^A^ ^T^/^TAOJ^fA^A A A OAA/^Ar*AA 

AAALiGAG UvaLXAlaLXALAAGGA CAAGAbAA 


9600 


Off 


UUUULUUn Vj UUUALUAur 


1687 


L.lA(:rlAAA uVaLXAtaLiALAALGA UAaAGLLAA 


9601 


003 


rTTTrTTTanTTft r" TTr*/^/^1\TTTTTT 

VjUUUALUA o UVamAUUU 


1688 


AAAHjLfLA ovarL lAtatLlALAALlaA lAGiAHAL 


9602 


CQQ 


UUUuUUCn UooUULou 


1689 


Ar^j^AAri/^A j'S/^/^rPA^^r^nnA^A Ar*^^A T'f^AAr'AAA 
ALLtAAULA L3ULlAL1LiAL.AAL.trA TGAAlAAA 


9603 


iKiZ 


tsUUvJAtaULi Li UULvjUASoLi 


1690 


CCTALL«AA L»LjLiAbCl ALAALGA CACiGAAC 


9604 


/ Uo 


T^ci^r^r^TTTTC* r* TT7\/*»r^/^/^Tn 
AUUvtsUUL Ij UAvjCjCiLUU 


1691 


AAO^/^/'"«TA ^n/^^'PA/^/^rr'A/^A A /^OA /^AA^i^A^rn 

AAGCCCTA GGCTAGCTACAACGA GAACCACT 


9605 


711 


UUCGUAGG G CuUUCCCC 


1692 


/-l/-t/-l^TV TV TV fl^^tlSTV^i'HHTV ^ TV TV ^i^Tl ^^WTTTV ^^TV TV 

GGGGAAAG GGCTAGCTACAACGA CCTACGAA 


9606 


729 


ACUGUCUG G CUUuCAGU 


1693 


ACTGAAAG GGCTAGCTACAACGA CAGACAGT 


9607 


736 


GGCuuUCA 6 UUAUaUGG 


1694 


CCATATAA GGCTAGCTACAACGA TGAAA6CC 


9608 


753 


aUGauGuG G UUUuGGGG 


1695 


CCCCAAAA GGCTAGCTACAACGA CACATCAT 


9609 


762 


UUUUGGGG G CCAAGUCU 


1696 


AGACTTGG GGCTAGCTACAACGA CCCCAAAA 


9610 


767 


GGGGCCAA G UCUGUaCa 


1697 


TGTACAGA GGCTAGCTACAACGA TTGGCCCC 


9611 


785 


CAUCUUGA G UCCCUUUA 


169B 


TAAAGGGA GGCTAGCTACAACGA TCAAGATG 


9612 


826 


GUCUUuGG G UAUACAUU 


1699 


AATGTATA GGCTAGCTACAACGA CCAAAGAC 


9613 


898 


AAUUGGGA G UUGGGGCA 


1700 


TGCCCCAA GGCTAGCTACAACGA TCCCAATT 


9614 




GAGUUGGG G vJACJAUUGC 


1701 


^<TTV TV *f mn 1^ Kyryt u 1 itv ^^nrt a ^tv tv tv ^^^jk^^m^ 

GCAATGTG GGCTAGCTACAACGA CCCAACTC 


9615 




GUAAAUAG G (A^UAUlKsA 


1702 


TCAATAGG GGCTAGCTACAACGA CTQTTTAC 


9616 


987 


AUUGGAAA G UAUGUCAA 


1703 


TTGACATA GGCTAGCTACAACGA TTTCCAAT 


9617 


1006 


AAUUGUGG G UCUUUUGG 


1704 


CCAAAAGA GGCTAGCTACAACGA CCACAATT 


9618 


1016 


CUUUUGGG G UUUGCCGC 


1705 


GCGGCAAA GGCTAGCTACAACGA CCCAAAAG 


9619 


1080 


^^UTTH TV ^ ^Tv TV TV Tl ^TV n 

GCAUACAa G CaAAACAG 


1706 


CTGTTTTG GGCTAGCTACAACGA TTGTATGC 


9620 


1089 


TV TV TV T* /^IV ^ ^TTtTTTTTlk /*tTT 

CAAAACAG G CUUUUACU 


1707 


AGTAAAAG GGCTAGCTACAACGA CTGTTTTG 


9621 


lllo 


CUUACAAG G CCUUUCUA 


1708 


TAGAAAGG GGCTAGCTACAACGA CTTGTAAG 


9622 




CUUUUUAA G UAAACAGU 


1709 


ACTGTTTA GGCTAGCTACAACGA TTAGAAAG 


9623 


1133 


AGUAAACA G UAUGuGAA 


1710 


fnffn^Tv tv jtt tv ^t/^^im tv y^m tv ^tv tv tv rwr*^! ■ mvuv^v y igf i 

TTCACATA GGCTAGCTACAACGA TGTTTACT 


9624 


1192 


UUUACCCC G UUGCUCGG 


1711 


^l^t^^TV TV TV ^rf^tiUlf ITV TV TV TV ^/^TV ^r^m^^WlTV TL K 

CCGAGCAA GGCTAGCTACAACGA GGGGTAAA 


9625 


XXb U 


GUUGCUCG G CAACGGCC 


1712 


GGCCGTTG GGCTAGCTACAACGA CGAGCAAC 


9626 


1166 


CGGCAACG G CCUGGUCU 


1713 


AGACCAGG GGCTAGCTACAACGA CGTTGCGG 


9627 


1171 


ACGGCCUG G UCUAUGCC 


1714 


GGCATAGA GGCTAGCTACAACGA CAGGCCGT 


9628 


1182 


UAUGCCAA G UGUUUGCU 


1715 


AGCAAACA GGCTAGCTACAACGA TTGGCATA 


9629 


1207 


CCCCACUG G UUGGGGCU 


1716 


AGCCCCAA GGCTAGCTACAACGA CAGTGGGG 


9630 


1213 


UGGUUGGG G CUUGGCCA 


1717 


TGGCCAAG GGCTAGCTACAACGA CCCAACCA 


9631 


1218 


GGGGCUUG G CCAUAGGC 


1718 


GCCTATGG GGCTAGCTACAACGA CAAGCCCC 


9632 


1225 


/-I /— 1/^ 7\ T TTV r*T /—I y^y^TVTT/^TV /"T/ni 

GGCCAUAG G CCAUCAGC 


1719 


GCTGATGG GGCTAGCTACAACGA CTATGGCC 


9633 


1232 


GGCCAUCA G CGCAUGCG 


1720 


CGCATGCG GGCTAGCTACAACGA TGATGGCC 


9634 


1 O A ft 


GCGCAUuC G UGGAACCU 


1721 


TV r^K^ rTVTTI f^t^ TV ttf^/^tnT^ ^/ 11 11 TV <^TV TV /^/^ TV ^/*^ TV tllJI.^^^^ 

AGGTTCCA GGCTAGCTACAACGA GCATGCGC 


9635 


1287 


AACUCCuA G CCGCUUGU 


1722 


ACAAGCGG GGCTAGCTACAACGA TAGGAGTT 


9636 


1306 


UGCUCGCA G CAGGUCUG 


1723 


CAGACCTG GGCTAGCTACAACGA TGCGAGCA 


9637 


1310 


CGCAGCAG G UCUGGGGC 


1724 


GCCCCAGA GGCTAGCTACAACGA CTGCTGCG 


9636 


13 17 


GGUCUGGG G CAAAACUC 


1725 


GAGTTTTG GGCTAGCTACAACGA CCCAGACC 


9639 


1347 


X^U U V^UVJv/Vk v7 W ^ w u v^ 


1726 




9640 


1379 


UUUCCAUG G CUGCUAGG 


1727 


CCTAGCAG GGCTAGCTACAACGA CATGGAAA 


9641 


1387 


GCTGCUAG G CUCSUGCUG 


1728 


CAGCACAG GGCTAGCTACAACGA CTAGCAGC 


9642 


1418 


CGCGGGAC G UCCUUUGU 


1729 


ACAAAGGA GGCTAGCTACAACGA GTCC06CG 


9643 


1431 


UUGUUUAC G UCCCGUC6 


173 0 


CGACGGGA GGCTAGCTACAACGA GTAAACAA 


9644 


1436 


UACGUCCC G UCGGCGCU 


1731 


AGCGCCGA GGCTAGCTACAACGA GGGACGTA 


9645 


1440 


UCCCGUCG G CGCUQAAU 


1732 


ATTCAGCG GGCTAGCTACAACGA CGACGGGA 


9646 
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1733 


LAJiVAV>UV9V9 UGv^lAGUIALAACvxA UUUlaVjViAvy 


9647 


1481 




1734 


CGGTAGAG GGuTAGLTlAUAACGn CCCJVAGUG 


9648 


1 CI •? 
1D± 1 




1735 


ULUulGuA uGuIAIjUXAuAAUGA GC^lCGoiA 


9649 






1736 




9650 






1737 


oGCAuAutA ooL.lAoV»iA(..AACGA UuuvaAulC 


9651 


1579 


GuLCsGACl. G ugugcacu 


1738 


AGTGCACA GGCTAGCTACAACGA GGTCCGGC 


9652 


loUb 


uUCUurVJAC W7 UCajUAUoo 


1739 


LCATGCGA GGCTAGCUACAACGA GTGGAGAG 


9653 


1622 


AUALLAUC Cj UvjAACGv-C 


1740 


GGCGTTCA GGCTAGCTACAACGA GGTGGTCT 


9654 


1649 


UtsLLLAALj Vj ULULIoLAU 


1741 


ATGGAAGA GGCTAGCTACAACGA CTTGGGCA 


9655 


1679 


GACUUUCA G CAAUGUCA 


1742 


TGACATTG GGCTAGCTACAACGA TGAAAGTC 


9656 


1703 


ACCUUGAG G CAUACUUC 


1743 


GAAGTATG GGCTAGCTACAACGA CTCAAGGT 


9657 


1732 


UUUAAUGA G UGGGAGGA 


1744 


TCCTCCCA GGCTAGCTACAACQA TCATTAAA 


9658 


1741 


UGGGAGGA G UUGGGGGA 


1745 


TCCCCCAA GGCTAGCTACAACGA TCCTCCCA 


9659 


1754 


GGGAGGAG G UUAGGUUA 


1746 


TAACCTAA GGCTAGCTACAACGA CTCCTCCC 


9660 


1759 


GAGGuUAG G UUAAAGGU 


1747 


ACCTTTAA GGCTAGCTACAACGA CTAACCTC 


9661 


1766 


GGUUAAAG G UCuUuGUA 


1748 


TACAAAGA GGCTAGCTACAACGA CTTTAACC 


9662 


1782 


ACUAGGAG G CUGUAGGC 


1749 


GCCTACAG GGCTAGCTACAACGA CTCCTAGT 


9663 


1789 


GGCUGUAG G CAUAAAUU 


1750 


AATTTATG GGCTAGCTACAACGA CTACAGCC 


9664 


1799 


AUAAAUUG G UGuGUUCA 


1751 


TGAACACA GGCTAGCTACAACGA CAATTTAT 


9665 


1811 


GUUCACCA G CACCAUGC 


1752 


GCATGGTG GGCTAGCTACAACGA TGGTGAAC 


9666 


1870 


CuGUUCAA G CQJCCAAG 


1753 


CTTGGAGG GGCTAGCTACAACGA TTGAACAG 


9667 


1878 


GCCUCCAA G CuGUOCCU 


1754 


AGGCACAG GGCTAGCTACAACGA TTGGAGGC 


9668 


1890 


UGCCUUGG G UGGCUUUG 


1755 


CAAAGCCA GGCTAGCTACAACGA CCAAGGCA 


9669 


1893 


CUuGGGuG G CUuuGGGG 


1756 


CCCCAAAG GGCTAGCTACAACGA CACCCAAG 


9670 


1901 


GCUUUGGG G CAUGGACA 


1757 


I tfi^n 1 1^ 1 A TV fw A ^lA^tfVTTv ^^^Tmiv ^TTv * ^m^iv ^^i* m m. ^^^h 

TGTCCa^TG GGCTAGCTACAACGA CCCAAAGC 


9671 


1917 


AUUGACCC G UAUAAAGA 


1758 


TCTTTATA GGCTAGCTACAACGA GGGTCAAT 


9672 


1933 


AAUUUGGA G CUUCUGUG 


1759 


CACAGAAG GGCTAGCTACAACGA TCCAAATT 


9673 


1944 


UCUGUGGA g uuacucuc 


1760 


GAGAGTAA GGCTAGCTACAACGA TCCACAGA 


9674 




AULXjGGGG g ccuuagag 


1761 


CTCTAAGG GGCTAGCTACAACGA CCCCCGAT 


9675 


2031 


GCCUuAGA g ucuccgga 


1762 


TCCGGAGA GGCTAGCTACAACGA TCTAAGGC 


9676 


2062 


ACCAUACG G CACUCAGG 


1763 


CCTGAGTG GGCTAGCTACAACGA CGTATGGT 


9677 


2070 


GCACUCAG G caagcuau 


1764 


ATAGCTTG GGCTAGCTACAACGA CTGAGTGC 


9678 


2074 


ucaggcaa g cuauucug 


1765 


CAGAATAG GGCTAGCTACAACGA TTGCCTGA 


9679 


2090 


guguuggg g ugaguuga 


1766 


TCAACTCA GGCTAGCTACAACGA CCCAACAC 


9680 


2094 


ugggguga g uugaugaa 


1767 


TTCATCAA GGCTAGCTACAACGA TCACCCCA 


9681 


2107 


ugaaucua g ccaccugg 


1768 


CCAGGTGG GGCTAGCTACAACGA TAGATTCA 


9682 


2116 


ccaccugg g ugggaagu 


1769 


ACTTCCCA GGCTAGCTACAACGA CCAGGTGG 


9683 


2123 


GGUGGGAA G UAAUUUGG 


1770 


CCAAATTA GGCTAGCTACAACGA TTCCCACC 


9684 


214 0 


AAGAUCCA G CAUCCAGG 


1771 


CCTGGATG GGCTAGCTACAACGA TGGATCTT 


9685 


2155 


GGGAAUUA G UAGUCAGC 


1772 


6CTGACTA GGCTAGCTACAACGA TAATTCCC 


9686 


2158 


AAUUaGUA 6 UCAGCuAU 


1773 


ATAGCT6A GGCTAGCTACAACGA TACTAATT 


9687 


2162 


AGUAGUCA G CUAUGUCA 


1774 


TGACATAG GGCTAGCTACAACGA TGACTACT 


9688 


2173 


AUGUCAAC G UUAAUAUG 


1775 


CATATTAA GGCTAGCTACAACGA GTTGACAT 


9689 


2183 


UAAUAU6G G CCUAAAAA 


1776 


TTTTTAGG GGCTAGCTACAACGA CCATATTA 


9690 


2208 




1777 


AXVsXVSMnri Uv3U> X Aul^ l/\L.i/i/iL>oA L«AL>nAXAO 


9691 


2235 


ACUUUUGG G CGAGAAAC 


1778 


GTTTCTCG GGCTAGCTACAACGA CCAAAAGT 


9692 


2260 


AAUAUUUG Q U6UCUUUU 


1779 


AAAAGACA GGCTAGCTACAACGA CAAATATT 


9693 


2272 


CUUUUGGA G UGUGGAUU 


1780 


AATCCACA GGCTAGCTACAACGA TCCAAAAG 


9694 


2360 


ACGAAGAG G CAGGUCCC 


1781 


GGGACCTG GGCTAGCTACAACGA CTCTTCGT 


9695 


2364 


AGAGGCAG G UCCCCUAG 


1782 


CTAGGGGA GGCTAGCTACAACGA CTGCCTCT 


9696 


2403 


AGACGAAG G UCUCAAUC 


1783 


GATTGAGA GGCTAGCTACAACGA CTTCGTCT 


9697 
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2417 




1784 


ILK^ IajUVjA \3\j\^ i. AvjL. 1 AwiAUUA UCVAjUVzAI 


9698 


2454 


CAAU6uUA> G UAUUCCJUU 


1785 


AAuuAAlA V3V7V^lA(iL.XALAAL>(iA aAACAiJlG 


9699 


24 


U/VUiriUAAur u UoVaVsAAAV.. 


1786 


v>vrUlAvn«iAw\A(^VxA uXXAXvalwy 


9700 




UUUAL.UUIJ \a L-UULIAULIU 


1787 


r2AA»pAAAO mPPTfi^^PTaPA APPA /^PPPTAAA 


9701 


OCA*? 


r^7TT/^Tar»rt TT»r»r'TTTTrsn 


1788 


ftpaa/3ftTa /i/^pfAnr'Tapaapr'a /^r"PAPAAP 
oL.AA\30lA V3Vj^XAl,3UiALAALr\iA UtjlAiaAAu 


9702 


23 J U 


pofTJvuiTTrt ft r'JMMvnTrT* 

^^UAAAUvT o V.»AAAl,>U^^. 


1789 


nnaftTTTva n/snTArar^par'aa/'vaa r'HTTTBiTT' 


9703 


/ 


AUilUuUAA o UAAUUUl:fU 


1790 


ALAftAiXo \jl3L.XA^L.XALJ\Av.\3A X lAUAiUi 


9704 






1791 


olnnUVsoV^ vaol^Xncr^ 1 AL.A/\1_\jA L>L^LiA.^.AAA 


9705 


20U 7 


^l.«^UUAVJA V3 UAAA.Uui\/\ 


1792 


TTPaTTTJi /3/2P'PAr2P«papa APP A T'PT'AAn/^p 
IXuAlXXA \iV3L.XAV2UXAV.,AACviA XoXAAol^^a 


9706 


2oDU 


r*r^inr*mir* r* TTfTrTTTATTpr" 
U.UUL3L,UAvj \j uuuuauul^ 


1793 


f!i/^aTaaaa ppPTa^pT'APA appa r*fT*T\^r*r^7^r*r* 
oVjAIAAAA tjtjL.XAljUiAUAAL.UA L-XAGlAGG 


9707 


2 l\j± 


AUCAAACC U UAUUAUCC 


1794 


PPA*T^AA*T^A PPPTA Pr^«T»A r^A A /^/^TV /*lPimmitrvTV«n 

GbATAATA GGCTAGCTACAACGA GGTTTGAT 


9708 


2713 


UAUCCAGA G UAUGUAGU 


1795 


ACTACATA GGCTAGCTACAACGA TCTGGATA 


9709 


2720 


AGUAUGUA G UUAAUCAU 


1796 


ATGATTAA GGCTAGCTACAACGA TACATACT 


9710 


2768 


UuuGGAAG 6 CGGGGAUC 


1797 


GATCCCC6 GGCTAGCTACAACGA CTTCCAAA 


9711 


2791 


AAAAGAGA G UCCACACG 


1798 


CGTGTGGA GGCTAGCTACAACGA TCTCTTTT 


9712 


2799 


GUCCACAC G UAGCGCCU 


1799 


AGGCGCTA GGCTAGCTACAACGA GTGTGGAC 


9713 


2802 


CACACGUA G CGCCUCAU 


1800 


ATGAGGCG GGCTAGCTACAACGA TACGTGTG 


9714 


2818 




1801 


TATGGTGA GGCTAGCTACAACGA CCGCAAAA 


9715 


O O A D 


GAUCUAUA G CAUGGGAta 


1802 


CTCCCATQ GGCTAGCTACAACGA TGTAGATC 


9716 


*5 Q C T 

2ob / 


CAUGGGAG G UUGGuCUU 


1803 


AAnA^PAA /Sn^WnA^^VnfV ^]V H ^V?l A # MW/i/l/^AWl/l 

AAuACCAA QGCTAGCTACAACX3A CTCCCATG 


9717 


20DX 


/n/iivrt/WTTTrt O TT<^WT(^/^AA 

GGAGGUUQ G UCUUCCAA 


1804 


TTGGAAGA GGCTAGCTACAACGA CAACCTCC 


9718 


200X 


UCGAAAAG G CAUGGGGA 


1805 


TCCCCATG GGCTAGCTACAACGA CTTTTCGA 


9719 


2936 


GAUCAUCA G UuGGACCC 


1806 


GGGTCCAA GGCTAGCTACAACGA ^QP^QK^Q 


9720 


2955 


CAUUCAAA G CCAACUCA 


1807 


TGAGTTGG GGCTAGCTACAACGA TTTGAATG 


9721 


2964 


CCAACUCA G UAAAUCCA 


1808 


TGGATTTA GGCTAGCTACAACGA TGAGTTGG 


9722 


3005 


GACAACUG G CCGGACGC 


1809 


GCGTCCGG GGCTAGCTACAACGA CAGTTGTC 


9723 


3021 


PPAAOAAP TT/5/?l/^ A^^T/^ 

CCAACAAG G UGGGAGUG 


1810 


CACTCCCA GGCTAGCTACAACGA CTTCTTGG 


9724 


J 02 / 


AGGUGGGA G UGGGAGCA 


1811 


TGCTCCCA GGCTAGCTACAACGIA TCCCACCT 


9725 


o rt o "a 
J0J3 


GAGUGGGA G CAUUCGGG 


1812 


CCCGAATG GGCTAGCTACAACGA TCCCACTC 


9726 


O A A 1 

3041 


GCAUUCGG G CCAGGGUU 


1813 


AACCCTGG GGCTAGCTACAACGA CCGAATGC 


9727 


•a rtA *7 
o04 / 


GGGLvAGG G UUuACCLL. 


1814 


GGGGTGAA GGCTAGCTACAACGA CCTGGCCC 


9728 


3077 


CUGUUGGG G UGGAGCCC 


1815 


GGGCTCCA GGCTAGCTACAACGA CCCAACAG 


9729 


3082 


GGGGUGGA G CCCUCACG 


1816 


CGTGA6GG GGCTAGCTACAACGA TCCACCCC 


9730 


3097 


CGCUCAGG G CCUACUCA 


1817 


TGAGTAGG GGCTAGCTACAACGA CCTGAGCG 


9731 


3117 


CuGUGCCA G CAGCUCCU 


1818 


AGGAGCTG GGCTAGCTACAACGA TGGCACAG 


9732 


3120 


UGCCAGCA G CuCCUCCu 


1819 


AGGAGGAG GGCTAGCTACAACGA TGCTGGCA 


9733 


3146 


ACCAAuCG G CAGuCAGG 


1820 


CCTGACTG GGCTAGCTACAACGA CGATTGGT 


9734 


3149 


AAUCGGCA G UCAGGAAG 


1821 


CTTCCTGA GGCTAGCTACAACGA TGCCGATT 


9735 


3158 


UCAGGAAG G CAGCCUAC 


1822 


GTAGGCTG GGCTAGCTACAACGA CTTCCTGA 


9736 


3161 


GGAAGGCA G CCUACUCC 


1823 


GGAGTAGG GGCTAGCTACAACGA TGCCTTCC 


9737 


"a o Ail 
3204 


AUCCUCAG G CCAUGCAG 


1824 


CTGCATGG GGCTAGCTACAACGA CTGAGGAT 


9738 


10 


ACUCCACC A CUUUCCAC 


703 


GTGGAAAG GGCTAGCTAC/^CGA GGTGGAGT 


9739 


J. / 


r^TV^l IITTT/^/^ A A TV IV /"tlT/^ 

L.A(«UUULL. A CCAAAuUC 


706 


GAGTTTGG GGCTAGCTACAACGA GGAAAGTG 


9740 


22 


UCCACCAA A CuCuUCAA 


1825 


TTGAAGAG GGCTAGCTACAACGA TTGGTGGA 


9741 


32 


UCUUCAAG A UCCCAGAG 


1826 


CTCIT(3G(3A GGC?TAnPTZxPAAr'nA PTTna.aflB. 

v.i» J.\3V3V3A s3\zv» XjrVV3\M XxVk>nn,^^v3i-i ^XXV.sr^rVJn 


9742 


53 


GGCCCUGU A CUUUCCUG 


42 


CAGGAAAG GGCTAGCTACAACGA ACAGGGCC 


9743 


82 


GUUCAGGA A CAGUGAGC 


1827 


GCTCACTG GGCTAGCTACAACGA TCCTGAAC 


9744 


101 


UGCUCAGA A UACUGUCU 


1828 


AGACAGTA GGCTAGCTACAACGA TCTGAGCA 


9745 


103 


CaCAGAAU A CUGUCUCU 


50 


AGAGACAG GGCTAGCTACAACGA ATTCTGAG 


9746 


115 


UCUCUGCC A UAUCGUCA 


737 


TGACGATA GGCTAGCTACAACGA GGCAGAGA 


9747 


117 


UCUGCCAU A UCGUCAAU 


53 


ATTGACGA GGCTAGCTACAACGA ATGGCAGA 


9748 
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124 


UAUuGUC-A A UCUUAUCG 


1829 


CGATAAGA GGCTAGCTACAACGA TGACGATA 


9749 


129 


UCAAUUUU A UCGAAGAC 


58 


GTCITCCxA GG CTAGCTACAACGA AAGATTGA 


9750 


13b 


UAULajAAVj a L-UVaijouAL. 


1830 


ijTCt-CCAG GGCTAGCTACAACGA CTTCGATA 


9751 






1831 


V3 i AuAVjGvs uVaL. I AGC i ALAAvJCsA L.UCCAG i L. 


9752 


1 cn 


oAuv^UU^U A \^L,\3AAl«AU 


60 


AIvsXTCCtvj GGCTAGCTACAACGA ACAGGGTC 


9753 


ICC 


U\3UAv«LajA a UAUvaUAuA 


1832 


rcrCCAUu GGCTAGCTACAACGA TCGGTACA 


9754 


1 CT 


UAL.L.(jAAU a UvToAViAAC 


745 


Gil uTCCA GGCTAGCTACAACGA GTTCGGTA 


9755 


±b4 


vJAUuUAuA A (JAUCCjCAU 


1833 


ATGCGATG GGCTAGCTACAACGA TCTCCATG 


9756 


±b b 


U uCzAuAAL. A U Laj UAU UA 


746 


iCjATGCGA GGCTAGCTACAACGA GTTCTCCA 


9757 


1/1 


AAL.au Lou A UwiCjoACU 


747 


TV W^^rji^ TV ^ ^ ^rmv ^ fTi TV TV TV TV ^ /^r^ TV m/^n »n 

AGTCCTGA GGCTAGCTACAACGA GCGATGTT 


9758 


111 


GCaUCaGG a CUCCUaGG 


1834 


CCTAGGAG GGCTAGCTACAACGA CCTGATGC 


9759 


186 


CUCCUAGG A CCCCUGCU 


1835 


AGCAGGGG GGCTAGCTACAACGA CCTAGGAG 


9760 


201 


CUCGUGUU A CAGGCGGG 


67 


CCCGCCTG GGCTAGCTACAACGA AACACGAG 


9761 


223 


UCUUGUUG A CAAAAAUC 


1836 


GATTTTTG GGCTAGCTACAACGA CAACAAGA 


9762 


229 


UGaCAAAa a UCCuCACA 


1837 


TGTGAGGA GGCTAGCTACAACGA TTTTGTCA 


9763 


235 


AAAUCCUC A CaAUACCA 


762 


TGGTATTG GGCTAGCTACAACGA GAGGATTT 


9764 


23 8 


UCCUCACA A UACCACAG 


1838 


CTGTGGTA GGCTAGCTACAACGA TGTGAGGA 


9765 


240 


CUCACAAU A CCACAGAG 


77 


CTCTGTGG GGCTAGCTACAACGA ATTGTGAG 


9766 


243 


ACAAUACC A CAGAGUCU 


765 


AGACTCTG GGCTAGCTACAACGA GGTATTGT 


9767 


254 


gagucuag a CuCGUGGU 


1839 


ACCACGAG GGCTAGCTACAACGA CTAGACTC 


9768 


265 


CGUGGuGG a CuUCuCUC 


1840 


GAGAGAAG GGCTAGCTACAACGA CCACCACG 


9769 


275 


UUCUCUCA A UUuUCUAG 


1841 


CTAGAAAA GGCTAGCTACAACGA TGAGAGAA 


9770 


289 


UAGGGGGA A CACCCGUG 


1842 


CACGGGTG GGCTAGCTACAACGA TCCCCCTA 


9771 


291 


GGGGGAAC A CCCGUGlTG 


774 


CACACGGG GGCTAGCTACAACGA GTTCCCCC 


9772 


311 


UGGCCAAA A UUCGCaGU 


1843 


ACTGCGAA GGCTAGCTACAACGA TTTGGCCA 


9773 


325 


AGUCCCAA A UCUCCAGU 


1844 


ACTGGAQA GGCTAGCTACAACGA TTGGGACT 


9774 


335 


CUCCAGUC A CUCACCAA 


787 


TTGGTGAG GGCTAGCTACAACGA GACTGGAG 


9775 


o ^ a 
339 


AGuCACuC A CCAACCUG 


789 


CAGGTTGG GGCTAGCTACAACGA GAGTGACT 


9776 


343 


ACuCaCCa a CCuGUUGu 


1845 


ACAACAGG GGCTAGCTACAACGA TGGTGAGT 


9111 


358 


GUCCuCCA A UUuGUCCU 


1846 


AQGACAAA GGCTAGCTACAACGA TGGAGGAC 


9778 


371 


UCCUGGUU A UCGCUGGA 


106 


TCCAGCGA GGCTAGCTACAACGA AACCAGGA 


9779 


379 


AUCGCUGG A UGuGUCUG 


1847 


CAGACACA GGCTAGCTACAACGA CCAGCGAT 


9780 


397 


GGCXvXJUUU A UCAUCUUC 


112 


GAAGATGA GGCTAGCTACAACGA AAAAC6CC 


9781 


400 


GUUuUAUC A UCUUCCUC 


802 


GAGGAAGA GGCTAGCTACAACGA GATAAAAC 


9782 


412 


UCCUCUGC A UCCUGCuG 


807 


CAGCAGGA GGCTAGCTACAACGA GCAGAGGA 


9783 


423 


CUGCuGCU A UGCCUCAU 


119 


ATGAGGCA GGCTAGCTACAACGA AGCAGCAG 


9784 


430 


UAUGCCuC A UCuuCuUG 


814 


CAAGAAGA GGCTAGCTACAACGA GAGGCATA 


9785 


452 


UCUUCUGG A CUAUCAAG 


1848 


CTTGATAG GGCTAGCTACAACGA CCAGAAGA 


9786 


455 


UCUGGACU A UCAAGGUA 


130 


TACCTTGA GGCTAGCTACAACGA AGTCCAGA 


9787 


463 


AUCAAGGu A UGUUGCCC 


132 


GGGCAACA GGCTAGCTACAACGA ACCTTGAT 


9788 


464 


GUCCUCuA A XJuCCAGGA 


1849 


TCCTGGAA GGCTAGCTACAACGA TAGAGGAC 


9789 


492 


AUUCCAGG A UCAUCAAC 


1850 


GTTGATGA GGCTAGCTACAACGA CCTGGAAT 


9790 


495 


CCAGGAUC A UCAACAAC 


828 


GTTGTTGA GGCTAGCTACAACGA GATCCTGG 


9791 


499 


GAUCAUCA A CAACCAGC 


1851 


GCTGGTTG GGCTAGCTACAACGA TGATGATC 


9792 


502 




1852 


VjurXurL^Xuo \JVjv.XAodAwVriL.oA lonlO 


9793 


513 


AGCACCGG A CCAUGCAA 


1853 


TTGCATGG GGCTAGCTACAACGA CCGGTGCT 


9794 


516 


ACCGGACC A UGCAAAAC 


836 


GTTTTGCA GGCTAGCTACAACGA GGTCCQGT 


9795 


523 


CAUGCAAA A CCUGCACA 


1854 


TGTGCAGG GGCTAGCTACAACGA TTTGCATO 


9796 


529 


AAACCUGC A CAACUCOJ 


840 


AGGAOTTG GGCTAGCTACAACGA GCAGGTTT 


9797 


532 


CCUGCACA A CUCCUGCU 


1855 


AGCAGGAG GGCTAGCTACAACGA TGTGCAGG 


9798 


547 


CUCAA6GA A CCUCUAUG 


1856 


CATAGAGG GGCTAGCTACAACGA TCCTTGAG 


9799 
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553 


GAaCCuCu a UGUuuCCC 


146 


GGGAAACA GGCTAGCTACAACGA AGAGGTTC 


9800 


564 


UUUCCCUC A UGUUGCuG 


853 


CAGCAACA GGCTAGCTACAACGA GAGGGAAA 


9801 


574 


GUUGCUGU A CAAAACCU 


152 


AGGTTTTG GGCTAGCTACAACGA ACAGCAAC 


9802 


579 


UGUACAAA A CCuACGGA 


1857 


TCCGTAGG GGCTAGCTACAACGA TTTGIACA 


9803 


583 


CAAAACCU A CGGAC6GA 


153 


TCCGTCCG GGCTAGCTACAACGA AGGTTTTG 


9804 


587 


ACCUACGG A CGGAAACU 


1858 


AGTTTCCG GGCTAGCTACAACGA CCGTAGGT 


9805 


593 


GGACGGAA A CUGCACCU 


1859 


AGGTGCAG GGCTAGCTACAACGA TTCCGTCC 


9806 


598 


GAAACUGC A CCUGUAUU 


859 


AATACAGG GGCTAGCTACAACGA GCAGTTTC 


9807 


604 


GCACCUGU A UUCCCAUC 


154 


GATGGGAA GGCTAGCTACAACGA ACAGGTGC 


9808 


610 


GUAUUCCC A UCCCAuCA 


864 


TGATGGGA GGCTAGCTACAACGA GGGAATAC 


9809 


615 


CCCAUCCC A UCAUCUUG 


867 


CAAGATGA GGCTAGCTACAACGA GGGATGGG 


9810 


618 


AUCCCAUC A UCUUGGGC 


868 


GCCCAAGA GGCTAGCTACAACGA GATGGGAT 


9811 


636 


UUC6CAAA A UACCUAUG 


1860 


CATAGGTA GGCTAGCTACAACGA TTTGCGAA 


9812 


638 


CGCAAAAU A CCUAUGGG 


164 


CCCATAGG GGCTAGCTACAACGA ATTTTGCG 


9813 


642 


AAAUACCU A UGGGAGUG 


165 


CACTCCCA GGCTAGCTACAACGA AGGTATTT 


9814 


681 


CUCAQUUU A CUAGUGCC 


176 


GGCACTAG GGCTAGCTACAACGA AAACTGAG 


9815 


690 


CUAGUGCC A UUUGUUCA 


884 


TGAACAAA GGCTAGCTACAACGA GGCACTAG 


9816 


721 


UUUCCCCC A CUGUCUGG 


891 


CCAGACAG GGCTAGCTACAACGA GGGGGAAA 


9817 


739 


UUUCAGUU A UAUGGAUG 


193 


CATCCATA GGCTAGCTACAACGA AACTGAAA 


9818 


741 


UCAGUOAU A UGGAUGAU 


194 


ATCATCCA GGCTAGCTACAACGA ATAACTGA 


9819 


745 


UUAUAUGG A UGAUGU6G 


1861 


CCACATCA GGCTAGCTACAACGA CCATATAA 


9820 


748 


UAUGGAUG A UGUGGUUU 


1862 


AAACCACA GGCTAGCTACAACGA CATCCATA 


9821 


773 


AAGUCUGU A CAACAUCU 


199 


AGATGTTG GGCTAGCTACAACGA ACAGACTT 


9822 


776 


UCUGUACA A CAUCUUGA 


1863 


TCAAGATG GGCTAGCTACAACGA TGTACAGA 


9823 


778 


UGUACAAC A UCUUGAGU 


900 


ACTCAAGA GGCTAGCTACAACGA GTTGTACA 


9824 


793 


GUCCCUUU A UGCCGCUG 


205 


CAGCGGCA GGCTAGCTACAACGA AAAGGGAC 


9825 


804 


CC6CUGUU A CCAAUUUU 


207 


AAAATTGG GGCTAGCTACAACGA AACAGCGG 


9826 


808 


UGUUACCA A UUUUCUUU 


1864 


AAAGAAAA GGCTAGCTACAACGA TGGTAACA 


9827 


628 


CUUUGGGU A UACAUUuA 


218 


TAAATGTA GGCTAGCTACAACGA ACCCAAAG 


9628 


830 


UUGGGUAU A CAUUUAAA 


219 


TTTAAATG GGCTAGCTACAACGA ATACCCAA 


9829 


832 


GGGUAUAC A UUUAAACC 


911 


GGTTTAAA GGCTAGCTACAACGA GTATACCC 


9830 


838 


ACAUUUAA A CCCUCACA 


1865 


TGTGAGGG GGCTAGCTACAACGA TTAAATGT 


9831 


844 


AAACCCUC A CAAAACAA 


915 


TTGTTTTG GGCTAGCTACAACGA GAGGGTTT 


9832 


849 


CUCACAAA A CAAAAAGA 


1866 


TCTTTTTG GGCTAGCTACAACGA TTTGTGAG 


9833 


857 


ACAAAAAG A UGGGGAUA 


1867 


TATCCCCA GGCTAGCTACAACGA CTTTTTGT 


9834 


863 


AGAUGGGG A UAUUCCCU 


1868 


AGGGAATA GGCTAGCTACAACGA CCCCATCT 


9835 


865 


AUGGGGAU A UUCCCUUA 


224 


TAAGGGAA GGCTAGCTACAACGA ATCCCCAT 


9836 


874 


UUCCCUUA A CUUCAUGG 


1869 


CCATGAAG GGCTAGCTACAACGA TAAGGGAA 


9837 


879 


UUAACUUC A UGGGAUAU 


922 


ATATCCCA GGCTAGCTACAACGA GAAGTTAA 


9838 


884 


UUCAUGGG A UAUGUAAU 


1870 


ATTACATA GGCTAGCTACAACGA CCCATGAA 


9839 


686 


CAUGGGAU A UGUAAUUG 


231 


CAATTACA GGCTAGCTACAACGA ATCCCATG 


9840 


891 


GAUAUGUA A UUGGGAGU 


1871 


ACTCCCAA GGCTAGCTACAACGA TACATATC 


9841 


906 


GUUGGGGC A CAUUGCCA 


923 


TGGCAATG GGCTAGCTACAACGA GCCCCAAC 


9842 


908 


UGGGGCAC A UUGCCACA 


924 


TGTGGCAA GGCTAGCTACAACGA GTGCCCCA 


9843 


914 




926 




9844 


920 


CCACAGGA A CAUAUUGU 


1872 


ACAATATG GGCTAGCTACAACGA TCCTGTGG 


9845 


922 


ACAGGAAC A UAUUGUAC 


928 


GTACAATA GGCTAGCTACAACGA GTTCCTGT 


9846 


924 


AGGAACAU A UUGUACAA 


236 


TTGTACAA GGCTAGCTACAACGA ATGTTCCT 


9847 


929 


CAUAUUGU A CAAAAAAU 


238 


ATTTTTTG GGCTAGCTACAACGA ACAATATG 


9848 


936 


UACAAAAA A UCAAAAUG 


1873 


CATTTTGA GGCTAGCTACAACGA TTTTTGTA 


9849 


942 


AAAUCAAA A UGUGUUUU 


1874 


AAAACACA GGCTAGCTACAACGA TTTGATTT 


9850 
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95S 


UUUA6GAH A CuUCCuGU 


1875 


ACAGGAAG GGLTJ-AbCTACAACGA TTCCTAAA 


9851 


967 


UUC.UUUAA A CAGGCCUA 


1876 


TAGGCCTG C9GvJrAGCTAC.AACGA TTACAHGA 


9852 




JV ^Jif5/2r^/^T H TTTT/^ATTTT/V^ 

ACAIi\9V.L.U A UUdAUUvio 


247 


U.V.AAU.L.AA V7(jUlAVji.iAtAACV3A AlAsUL lul 


9853 




utVi«U.UAUUo A UUv>ijrAAAl3 


1877 


\^J.lXL.L.AA oot^IAw„lAL~ftAL.oA UAAlAuuL* 


9854 




UuuAAAoU A UVvUUAAUva 


250 


VAsimAiJA VTliCiAVjdALAAVrfUA Adl.LV.VJA 


9855 


QQC 


UUAUUUUA A L.v>AAUUuU 


1878 


AuAAllVAv ouUXAuClALAACUA ioALAXAU 


9856 




uUL.AAL.\iA A UUuUoooU 


1879 


AOL.»JAt-AA oIjL I AljC i ALAAvJGA i t-Cj 1 i uAL. 


9857 




L.L.d.UUUL A CLrUAAUv^U 


944 


TV /^7v rprT»/*»/-vr^ r>OOT A r»On>A A A A ^AAA/^O^/^ 

ACJA i 1 GLXj vjUC i AtjC TALAACGA GAAACjoGCj 


9858 


1 *a "7 


TTTT^TS /"V^/^7\ ^ TT/^TTr*/^ TV TTA 


18B0 


rAlCCACA b<jCIA(jCTACAACGA TGCGTGAA 


9859 


1043 


LJ^AUoUvjCa A UAUUL.UGL 


1881 


GCAGAATA GGCTAGCTACAACGA CCACATTG 


9860 


1045 


auguggau a UUCuGCUu 


262 


AAGCAGAA GGCTAGCTACAACGA ATCCACAT 


9861 


1056 


CUGCUUUa a UGCCuUUA 


1862 


mTV W TV ^^^YTV ^^^^YTHTV /*T^*miTV ^TV TV #*T^ Tl. nT TV TV TV /^^TV ^ 

TAAAGGCA GGCTAGCTACAACGA TAAAGCAG 


9862 


1064 


aUGCCXJUU a UAuGCaUG 


270 


^^TV im i^*<TV fTTTV ^ ^ # liHTV ^^^ffTlTV ^TV TV ^^TV Tl TV T& A^^^li MT 

CATGCATA GGCTAGCTACAACGA AAAGGCAT 


9863 


1066 


GCCUUUAU a ugcaugca 


271 


TGCATGCA GGCTAGCTACAACGA ATAAAGGC 


9864 


1070 


UUAUaUGC a ugcauaca 


950 


TGTATGCA GGCTAGCTACAACGA GCATATAA 


9865 


1074 


augcaugc a uacaagca 


951 


1 ff Ti^Y m tv ^^i^rtiTv ^^mTv ^tv tv ^/htv ^^Tvm^^TvtvT 

TGCTTGTA GGCTAGCTACAACGA GGATGCAT 


9866 


1076 


gcaugcau a caagcaaa 


272 


TTTGCTTG GGCTAGCTACAACGA ATGCATGC 


9867 


1085 


CAAGCaaA a caggcuuu 


1883 


AAAGCCTG GGCTAGCTACAACGA TTTGCTTG 


9868 


1095 


aGGCUUUU a CUUUCuCG 


276 


CGAGAAAG GGCTAGCTACAACGA AAAAGCCT 


9869 


1107 


UCUCGCCA A CuuaCAAG 


1884 


CTTGTAAG GGCTAGCTACAACGA TGGCGAGA 


9870 


1111 


OCCAACUU A CAAGGCCu 


282 


AGGCCTT6 GGCTAGCTACAACGA AAGTTOGC 


9871 


1130 


CUAAGUAA A CA6C7AUGU 


1885 


ACATACTG GGCTAGCTACAACGA TTACTTAG 


9872 


1135 


TTTV TV TV /*! TV /*TY Y TV YTi'^ Y^ TV TV 

UAAACAGU A UGUGAACC 


288 


GGTTCACA GGCTAGCTACAACGA ACTGTTTA 


9873 


1141 


^^YTTV tY^tYT/^TV TV ^H^tT^TYT YYV 

GUAUGUGA A CCuUuACC 


1886 


GGTAAAGG GGCTAGCTACAACGA TCACATAC 


9874 


1147 


GAACCUUU A CCCCGUUG 


291 


CAACGGGO GGCTAGCTACAACGA AAAGGTTC 


9875 


1163 


GCUCGGCA A CGGCCUGG 


1887 


CCAGGCCG GGCTAGCTACAACGA TGCCGAGC 


9876 


1175 


CCUGGUCU A UGCCAAGU 


295 


TV /"ii^iii^rY^^Yv o^^irniv /^rtmYv ^Tv TV ^^^Yv yv /^yv ^^tv 

ACTTGGCA GGCTAGCTACAACGA AGACCAGG 


9877 


1192 


VsUUUGCuG A CGCAACCC 


1888 


GGGTTGCG GGCTAGCTACAACGA CAGCAAAC 


9878 


1197 


CuGACGCA A CCCCCACU 


1889 


AGTGGGGG GGCTAGCTACAACGA TGCGTCAG 


9879 


1203 


CAACCCCC A CuGGuUGG 


984 


CCAACCAG GGCTAGCTACAACGA GGGGGTTG 


9880 


1221 


GCUUGGGC A UAGGCCAU 


988 


ATGGCCTA GGCTAGCTACAACGA GGCCAAGC 


9881 


1228 


^TTV Y YTV ^^^/^ TV VY^TV /^TV 

CAUAGGCC A UCAGCGCA 


990 


TGCGCTGA GGCTAGCTACAACGA GGCCTATG 


9882 


1236 


AUCAGCGC A UGCGUGGA 


992 


lYI^Y^Tl ^^I^YTV ^^/"irffTTV ^Y^YiflTV ^TV YV ^Y^^TV ^^^^^^^WV*iTV m 

TCCACGCA GGCTAGCTACAACGA GC6CTGAT 


9863 


1245 


UGCGUGGA A CCUUUGUG 


1890 


^TV ^YV TV TV ^^Y / MUTV ^ TV y^TV TV ^#^TV m^/^*K ^V^^Tl, 

CACAAAGG GGCTAGCTACAACGA TCCACGCA 


9884 


1266 


^•T T/^ T/^/^ini*1 IV TT/^^51TT5V 

CuCUGCCXs A UCCAUACC 


1891 


GGTATGGA GGCTAGCTACAACGA CGGCAGAG 


9885 


1270 


GCCGAUCC A UACCX^CGG 


1001 


CCGCGGTA GGCTAGCTACAACGA GGATCGGC 


9886 


1272 


^^^^ TV YYjniJ^SV YY TV ^^/^ ^ TV Ti 

CGAUCCAU A CCGCGGAA 


308 


TTCCGCGG GGCTAGCTACAACGA ATGGATCG 


9887 


1280 


ACCGCGGA A CUCCUAGC 


1892 


GCTAGGAG GGCTAGCTACAACGA TCCGCGGT 


9888 


1322 


^^^r^^TV TV TV TV ^nrY^T^YY^^^ 

GGGGCaAA a CuCaUCGG 


1893 


CCGATGAG GGCTAGCTACAACGA TTTGCCCC 


9889 


1326 


ir% TV TV TV TV i/tt Tf^ YV Y Y^^Y/^/ni Ti tf^YTT 

CAAAACuC A UCGGGACU 


1014 


A6TCCCGA GGCTAGCTACAACGA 6AGTTTTG 


9890 


1332 


ucaucggg a cugacaau 


1894 


ATTGTCAG GGCTAGCTACAACGA CCOGATQA 


9891 


1336 


cgggacug a caauucug 


1895 


CAGAATTG GGCTAGCTACAACGA CAGTCCCG 


9892 


1339 


gacugaca a uucugucg 


1896 


CGACAGAA GGCTAGCTACAACGA TGTCAGTC 


9893 


1361 


UCCCXjCAA a uAUACAUC 


1897 


GATGTATA GGCTAGCTACAACGA TTGCGGGA 


9894 


1363 


PrY3PAAATT A TTArATTPATT 


324 


ATfSATf^TA <7fir"T AfiPTAPA Anna ATTT^nrVSTJ 


9895 


1365 


gcaaauau a caucauuu 


325 


AAATGATG GGCTAGCTACAACGA ATATTTGC 


9896 


1367 


AAAUAUAC A UCAXJUUCC 


1023 


GGAAATGA GGCTAGCTACAACGA GTATATTT 


9897 


1370 


UAUACAUC A UUUCCAUG 


1024 


CATGGAAA GGCTAGCTACAACGA GATGTATA 


9898 


1376 


UCAUUUCC A UGGOJGCU 


1026 


AGCA6CCA GGCTAGCTACAACGA GGAAATGA 


9899 


1399 


ugcugcca a cuggaucc 


1898 


GGATCCAG GGCTAGCTACAACGA TGGCAGCA 


9900 


1404 


ccaacugg a uccuacgc 


1899 


GCGTAGGA GGCTAGCTACAACGA CCAGTTGG 


9901 
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1409 


UGGAUCCU A C6CGGGAC 


332 


GTCCC6CG GGCTAGCTACAACGA AGGATCCA 


9902 


1416 


UACOCGGG A CGUCCUUU 


1900 


AAAGGACG GGCTAGCTACAACGA CCOGCGTA 


9903 


1429 


CUUUGUUCJ A CGUCCCGU 


338 


ACGGGACG GGCTAGCTACAACGA AAACAAAG 


9904 


1447 


GGCGCUGA A UCCCGCGG 


1901 


CCGCGGGA GGCTAGCTACAACGA TCAGCGCC 


9905 


1456 


UCCCGCGG A CGeACCCCU 


1902 


AGGGGTCG GGCTAGCTACAACGA CCGCGGGA 


9906 


1459 


CGCGGACG A CCCCUCCC 


1903 


GGGAGGGG GGCTAGCTACAACGA CGTCCGCG 


9907 


1486 


GGGGCUCU A CCGCCCGC 


345 


GCGGGCGG GGCTAGCTACAACGA AGAGCCCC 


9908 


1505 


CUCCGCCU A UUGUACCG 


349 


CGGTACAA GGCTAGCTACAACGA AGGCGGAG 


9909 


1510 


CCUAUUGU A CCGACCGU 


351 


ACGGTCGG GGCTAGCTACAACGA ACAATAGG 


9910 


1514 


UUGUACCG A CCGUCCAC 


1904 


GTGGACGG GGCTAGCTACAACGA CGGTACAA 


9911 


1521 


GACCGUCC A CGGGGCGC 


1064 


GCGCCCCG GGCTAGCTACAACGA GGACGGTC 


9912 


1530 


CGGGGCGC A CCUCUCUU 


1065 


AAGAGAGG GGCTAGCTACAACGA GCGCCCCG 


9913 


1540 


CUCUCUUU A CGCGGACU 


357 


AGTCCGCG GGCTAGCTACAACGA AAAGAGAG 


9914 


1546 


UUACGCGG A CUCCCCGU 


1905 


ACGGGGAG GGCTAGCTACAACGA CCGCGTAA 


9915 


1567 


GCCUUCUC A UCUGCCGG 


1078 


CCGGCAGA GGCTAGCTACAACGA GAGAAGGC 


9916 


1576 


UCUGCCGG A CCGUGU6C 


1906 


GCACACGG GGCTAGCTACAACGA CCGGCAGA 


9917 


1585 


CCGUGUGC A CUUCGCUU 


1082 


AAGCGAAG GGCTAGCTACAACGA GCACACGG 


9918 


1595 


UUCGCUUC A CCUCUGCA 


1085 


TGCAGAGG GGCTAGCTACAACGA GAAGCGAA 


9919 


1603 


ACCUCUGC A CGUCGCAU 


1089 


ATGCGACG GGCTAGCTACAACGA GCAGA6GT 


9920 


1610 


CAC6UCGC A UGGAGACC 


1090 


GGTCTCCA GGCTAGCTACAACGA 6CGACGTG 


9921 


1616 


GCAU6GA0 A CCACCGUG 


1907 


CACGGTGG GGCTAGCTACAACGA CTCCATGC 


9922 


1619 


UGGAGACC A CCGUGAAC 


1092 


GTTCAOGG GGCTAGCTACAACGA GGTCTCCA 


9923 


1626 


CACCGUGA A CGCCCACA 


1908 


TGTGGGCG GGCTAGCTACAACGA TCACGGTG 


9924 


1638 


CCACAGGA A CCUGCCCA 


1909 


TGGGCAGG GGCTAGCTACAACGA TCCTGTGG 


9925 


1656 


GGUCOUGC A UAAGAGGA 


1104 


TCCTCTTA GGCTAGCTACAACGA GCAAGACC 


9926 


1664 


AUAAGAGG A CUCUUGGA 


1910 


TCCAAGAG GGCTAGCTACAACGA CCTCTTAT 


9927 


1672 


ACUCUUGG A CUUUCAGC 


1911 


GCTGAAAG GGCTAGCTACAACGA CCAAGAGT 


9928 


1682 


UUUCAGCA A UGUCAACG 


1912 


CGTTGACA GGCTAGCTACAACGA TGCTGAAA 


9929 


1688 


CAAUGUCA A CGACCGAC 


1913 


GTCGGTCG GGCTAGCTACAACGA TGACATTG 


9930 


1691 


UGUCAACG A CCGACCUU 


1914 


AAGGTCGG GGCTAGCTACAACGA CGTTGACA 


9931 


1695 


AACGACCG A CCUUGAGG 


1915 


CCTCAAGG GGCTAGCTACAACGA CGGTCGTT 


9932 


1705 


CUUGAGGC A UACUUCAA 


1114 


TTGAAGTA GGCTAGCTACAACGA GCCTCAAG 


9933 


1707 


UGAGGCAU A CUUCAAAG 


380 


CTTTGAAG GGCTAGCTACAACGA ATGCCTCA 


9934 


1716 


CUUCAAAG A CUGUGUGU 


1916 


ACACACAG GGCTAGCTACAACGA CTTTGAAG 


9935 


1728 


UGUGUUUA A UGAGUGGG 


1917 


CCCACTCA GGCTAGCTACAACGA TAAACACA 


9936 


1774 


GUCUUUGU A CUAGGAGG 


394 


CCTCCTAG GGCTAGCTACAACGA ACAAAGAC 


9937 


1791 


CUGUAGGC A UAAAUUGG 


1121 


CCAATTTA GGCTAGCTACAACGA GCCTACAG 


9938 


1795 


AGGCAUAA A UUGGUGUG 


1918 


CACACCAA GGCTAGCTACAACGA TTATGCCT 


9939 


1807 


GUGUGUUC A CCAGCACC 


1122 


GGTGCTGG GGCTAGCTACAACGA GAACACAC 


9940 


1813 


UCACCAGC A CCAUGCAA 


1125 


TTGCATGG GGCTAGCTACAACGA 6CTGGTGA 


9941 


1816 


CCAGCACC A UGCAACUU 


1127 


AAGTTGCA GGCTAGCTACAACGA GGTGCTGG 


9942 


1821 


ACCAUGCA A CUUUUUCA 


1919 


TGAAAAAG GGCTAGCTACAACGA TGCATGGT 


9943 


1829 


ACUUUUUC A CCUCUGCC 


1130 


GGCAGAGG GGCTAGCTACAACGA GAAAAAGT 


9944 


1840 


UCUGCCUA A UCAUCUCA 


1920 


TGAGATGA GGCTAGCTACAACGA TAGGCAGA 


9945 


1843 


fiPn^TAATTP A TmTfaTTfJTT 
w \^ ^ \Jr\Ai.KJ f\ UWUVMnUOU 


1136 




9946 


1848 


AUCAUCUC A UGUUCAUG 


1138 


CATGAACA GGCTAGCTACAACGA GAGATGAT 


9947 


1854 


UCAUGUUC A UGUCOJAC 


1139 


GTAGGACA GGCTAGCTACAACGA GAACATGA 


9948 


1861 


CAUGUCCU A CUGUUCAA 


414 


TTGAACAG GGCTAGCTACAACGA AGGACATG 


9949 


1903 


UUUGGGGC A UGGACAUU 


1152 


AATGTCCA GGCTAGCTACAACGA GCCCCAAA 


9950 


1907 


GGGCAUGG A CAUUGACC 


1921 


GGTCAATG GGCTAGCTACAACGA CCATGCCC 


9951 


1909 


GCAUGGAC A UUGACCCG 


1153 


CGGGTCAA GGCTAGCTACAACGA GTCCATGC 


9952 
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1913 


GGaCAUuG a cccguaua 


1922 


TATACGGG GGCTAGUTACAACGA CAATGTCC 


9953 


1919 


UGACCXXtU a UaAAGaAU 


422 


ATTCTTTA GGCTAGCTACAACGA ACGGGTCA 


9954 


1926 


UAUAAA6A A uUuCsGAGC 


1923 


GCTCCAAA GGCTAGCTACAACGA TCTTTATA 


9955 


1947 


GUGGAGUU A CUCUCUUU 


429 


AAAGACsAG GGU 1 ACaU I AC AACGA AAC TCCAC 


9956 


1967 


GCCUUCUG A CUUCUUUC 


1924 


GAAAGAAG GGCTAGCTACAACGA CAGAAGGC 


9957 


1981 


UUCCUUCU A UUCGAGAu 


446 


ATCTCGAA GGCTAGCTACAACGA AGAAGGAA 


9958 


1988 


UAuUCGAG A UCUCCuCG 


1925 


CGAGGAGA GGCTAGCTACAACGA CTCGAATA 


9959 


1997 


UCUCCUCG A CACCGCCU 


1926 


AGGCGGTG GGCTAGCTACAACGA CGAGGAGA 


9960 


1999 


UCCUCGAC A CCGCCUCU 


1172 


AGAGGCGG GGCTAGCTACAACGA GTCGAGGA 


9961 


2015 


UGCUCUGU A UCGGGGGG 


454 


CCCCCCGA GGCTAGCTACAACGA ACAGAGCA 


9962 


2040 


UCUCCGGA A CAXJUGUUC 


1927 


GAACAATG GGCTAGCTACAACGA TCCGGAGA 


9963 


2042 


UCCGGAAC A UUGUUCAC 


1183 


GTGAACAA GGCTAGCTACAACGA GTTCCGGA 


9964 


2049 


CAUU6UUC A CCUCACCA 


1184 


TGGTGAGG GGCTAGCTACAACGA GAACAATG 


9965 


2054 


UUCACCUC A CCAUAC6G 


1187 


CCGTATGG GGCTAGCTACAACGA GAGGTGAA 


9966 


2057 


ACCuCACC A UACGGCAC 


1189 


GTGCCGTA GGCTAGCTACAACGA GGTGAGGT 


9967 


2059 


CUCACCAU A CGGCACUC 


464 


GAGTGCCG GGCTAGCTACAACGA ATGGTGAG 


9968 


2064 


CAUACGGC A CUCAGGCA 


1190 


TGCCTGAG GGCTAGCTACAACGA 6CCGTATG 


9969 


2077 


GGCAAGCU A UUCUGUGU 


466 


ACACAGAA GGCTAGCTACAACGA AGCTTGCC 


9970 


2098 


GUGAGUUG A UGAAUCUA 


1928 


TAGATTCA GGCTAGCTACAACGA CAACTCAC 


9971 


2102 


6UUGAUGA A UCUAGCCA 


1929 


TGGCTAGA GGCTAGCTACAACGA TCATCAAC 


9972 


2110 


AUCUAGCC A CCUGGGUG 


1198 


CACCCAGG GGCTT^CTACAACGA GGCTAGAT 


9973 


2126 


GGGAAGUA A UUUGGAAG 


1930 


CTTCCAAA GGCTAGCTACAACGA TACTTCCC 


9974 


2135 


UUUGGAAG A UCCAGCAU 


1931 


ATGCTGGA GGCTAGCTACAACGA CTTCCAAA 


9975 


2142 


GAUCCAGC A UCCAGGGA 


1203 


TCCCTGGA GGCTAGCTACAACGA GCTGGATC 


9976 


2151 


UCCAGGGA A UUAGUAGU 


1932 


ACTACTAA GGCTAGCTACAACGA TCCCTGGA 


9977 


2165 


AGUCAGCU A UGUCAACG 


482 


CGTTGACA GGCTAGCTACAACGA AGCTGACT 


9978 


2171 


CUAUGUCA A CGUUAAUA 


1933 


TATTAACG GGCTAGCTACAACGA TGACATAG 


9979 


2177 


CAACGUUA A UAUGGGCC 


1934 


GGCCCATA GGCTAGCTACAACGA TAACGTTG 


9980 


2179 


ACGUUAAU A UGGGCCUA 


486 


TAGGCCCA GGCTAGCTACAACGA ATTAACGT 


9981 


2191 


GCCUAAAA A UCAGACAA 


1935 


TTGTCTGA GGCTAGCTACAACGA TTTTAGGC 


9982 


2196 


AAAAUCAG A CAACUAUU 


1936 


AATAGTTG GGCTAGCTACAACGA CTGATTTT 


9983 


2199 


AUCAGACA A CUAUUGUG 


1937 


CACAATAG GGCTAGCTACAACGA TGTCTGAT 


9984 


2202 


AGACAACU A UUGUGGUU 


489 


AACCACAA GGCTAGCTACAACGA AGTTGTCT 


9985 


2213 


GUGGUUUC A CAUUUCCU 


1214 


AGGAAATG GGCTAGCTACAACGA GAAACCAC 


9986 


2215 


GGUUUCAC A UUUCCUGU 


1215 


ACAGGAAA GGCTAGCTACAACGA GTGAAACC 


9987 


2227 


CCUGUCUU A CUUUUGGG 


499 


CCCAAAAG GGCTAGCTACAACGA AAGACAGG 


9988 


2242 


GGCGAGAA A CUGUUCUU 


1938 


AAGAACAG GGCTAGCTACAACGA TTCTCGCC 


9989 


2253 


GUUCUUGA A UAUUUGGU 


1939 


ACCAAATA GGCTAGCTACAACGA TCAAOAAC 


9990 


2255 


UCUUGAAU A UUUGGUGU 


506 


ACACCAAA GGCTAGCTACAACGA ATTCAAGA 


9991 


2278 


6AG17GUGG A UUCGCACU 


1940 


AGTGCGAA QGCTAGCTACAACGA CCACACTC 


9992 


2284 


GGAUUCGC A CUCCUCCU 


1223 


AGQAGQAG GGCTAGCTACAACGA GCGAATCC 


9993 


2295 


CCUCCUGC A UAUAGACC 


1229 


GGTCTATA GGCTAGCTACAACGA GCAGGAGG 


9994 


2297 


UCCUGCAU A UAGACCAC 


517 


GTGGTCTA GGCTAGCTACAACGA ATGCAGGA 


9995 


2301 


GCAUAUAG A CCACCAAA 


1941 


TTTGGTGG GGCTAGCTACAACGA CTATATGC 


9996 






1231 


f^r*'^^'V^r*r* /■3/^r"par*/^Tai^?i A/^r»7v <'?!oh'0'T'At?v 
VaLrillluu tiijL.lii<j\_IACAAC.ljA vivjiCiAlA 


9997 


2309 


ACCACCAA A UGCCCCUA 


1942 


TAGGGGCA GGCTAGCTACAACGA TTGGTGGT 


9998 


2317 


AUGCCCCU A UCUUAUCA 


519 


TGATAAGA GGCTAGCTACAACGA AGGGGCAT 


9999 


2322 


CCUAUCUa A UGAACACU 


522 


AGTGTTGA GGCTAGCTACAACGA AAGATAGG 


10000 


2326 


UCUUAUCA A CACUUCCG 


1943 


CGGAAGTG GGCTAGCTACAACGA TGATAAGA 


10001 


2328 


UUAUCAAC A CUUCCGGA 


1240 


TCCGGAAG GGCTAGCTACAACGA GTTGATAA 


10002 


2336 


UUCCGGAA A CUACUGUU 


1944 


AACAGTAG GGCTAGCTACAACGA TTCCGGAA 


10003 
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Z J4 J. 


rri/^iva jv/^TT n mTr'TTTT/^TTTI 


526 


aziPAZiPZvn nnPTJK^PTJVPAaprsa zirjTTTPrYi 


10004 




/^ntT/^TTTTivfi 2v rv^ji anzin/^ 


1945 


pptpttp^^ nnPTAnpTAPAAPna ptaapaap 


10005 


Zoom 




1946 




10006 


^ J if 1 




1947 


rsappTTPn nnpTanPTHPaapna n^vnncxh.cin 


10007 






1948 


prjpnnpna nrspTanPTAPaapnii TrsanapPT 


10008 


A'kA / 




1949 


UnX X\JAUA V3V3UXAV9>«X A^«An.V.>V>A ^XXV^XWWvj 


10009 






1950 


Tpppfjana <Tf2PTaf3PTapaapna Tvna/^aTPT 


10010 




TTPTTonnfia a imToaiVTTri 

UwULajVtVjA rl UVwU^aAnUVJ 


1951 


PATTYiarta CTJPTAf^PTapaaPfia Tpppnana 


10011 




rSJ^aTTPTTP^ & TW2TTTTIlfZTTa 


1952 


rpApipAApA nfiiPTanPTapaapna T/^a^^aTTP 

XAvtXAA^A IjajU XAvjVm X AUAAI^UA XoxiLAriX XV^ 


10012 




MTrSTTTTiflTT A TTTTPnTTIflfS 
AUuuUivjrLi i\ UUw^UUoV? 


547 


ppaannaa nnpfanPTapaapna apraapaT 

v.VvAnVaVJ'AA X Ao U X AwiA\«UA AUXAAUAX 


10013 


o Aft: 




1953 


PT'TAT'P'PP r»PPT«APPTAPR7VPrt.A PPAAPPAA 

v. i i A X\j 1 Vj xiVjV* i AVjU X Aw\AV...ViA VV..AAVioAA 


10014 


/ 


/^PTTTTripTiP TV PTVTTBA/TSPTT 


1268 


A/-i/-irnmA«TP PPPT^APPT A P A A PP A PTPPAA/T"!^ 
At-L.iXAXvj tjVjuiAVjUXALAAL.viA GIL.V..AAGG 


10015 




UUuviAu/iC A UAAUvsUuv? 


1269 


P/^APPTTA r'P^'PA/^P'T' a P a APP a P'PPT^PA A 

CuAwUXXA UGLXAGv^XALJiA^GA GXulCLAA 


10016 


A a 1 


uoUuvKiAA A L.UUUAL.liC7 


1954 


^^/^rriA A Art /^/SrwpA^P'PAPA APPA fp»T»rt^/^ A 

CCGTAAAG GGCTAGCTAUAACGA TTCGCACC 


10017 




vjzAAAUUUU A LajCtovtCUU 


554 


AA^rtr^^Ort rt^'/'WT'A^P'PA r^A A rtP A AAA/^mrprprt 

AAGLCC^LG GGdAGCXACAACGA AAAGTXTC 


10018 


OA 


urcrijijUUUU A UUUUUL.UA 


557 


fPA/^AAPAA PP^TA/^P'PA P A A PP A AAA/^rt^^Ort 

XAGAAGAA GGL.XAGuXAL.AALAiA AAAQaLC-UC 


10019 


o c n A 


AUULJUUL.U A tX3oUAL.t.U 


562 


AnrtT»A^Pr» rtr^rtn^ArtPn^A PA A Prt A A/^AA/^AATi 

AGGTACCG GGCTAGCTACAACGA AGAAGAAT 


10020 




TTPiTRP/^/^TT TV /^r^TTTrTTTTT 

uLUAUvsviU A L,VJUuUL.UU 


563 


AAGCAAGG GGCTAGCTACAACGA ACCGTAGA 


10021 


o c o n 


T1TT»^/^THTT7V IV IT/^PTTIV TV TITT 

UUCK-UUUA A UCCUAAAU 


1955 


A MIITW1 1 A /"^/^ A A*</*»#"WTI1V /^/^tlTV A A /^rt TV miV A JV /^/^7V TV 

ATTTAGGA GGCTAGCTACAACGA TAAAGCAA 


10022 




Jl IVTTPPFTIHk K TT/3rtPlVlMlP 

AAUVa^UAA a UliULAAAu 


1956 


GTTTGCCA GGCxAGCTACAACGA X XAGGATT 


10023 


f3 CI A 


AAUuuLAA A UUuL>UUuU 


1957 


n/3AA/?i/3An /^PPlPA/^PfPAPA APP A f1«TVlPPAf|irn 

AuAAUGAG uGClAGUXAuAACGA X Xuv-CATT 


10024 


295U 


TtTTTTTTPPf ?V P*T1TTP JVTTTT 

UUUUvL.Uv7 A UAUUwVUU 


1958 


AAnfPAAI^P ^IPrt'PA/^P'PAPA APP A PAP/3AAAA 

AATGAAxG GGCTAGCTACAACGA CAGGAAAA 


10025 




TTTTPPTTPRP JV TTTTPJVTTTTrTP 

UUk.CUVaAU A UUuAUUUo 


1286 


PAAATV^AA r5/^/'^A/^r"PAPA AP/^A /^IT'ArV^A A 

LAAAlviAA GGL.i.AGuXAUAAUGA GTLAGGAA 


10026 




TW^Tkr^lVTTTTO TV TTTTTTr»<^ JV^r« 

UUAuAUUu A UUUi^UAv^l^ 


1287 


^OnW^AAA /5/^/*wP Art/'TP Art A A/^^ A rtA AT'rt'T'rtA 

CLXvtCAAA GGCUAGuiAuAACGA GAAXGxCA 


10027 




/v?v/5r'*/T!/^ TV paTTiTrnmr* 
(aCAtMAUv? A (JAUUlfUUi? 


1959 


rt A A rtA A nV^ rtrtrtuPTVrtrtTtArtA ArtrtA rtrtVPrtrtrPrtrt 

LAAlAAX^s- GGC J. AGC X ALAACGA CCTxCCxGC 


10028 




TVr'PTV/VTV^ TV TTTT/^TTT/^ ATT 

AvaVjAva^JAU A UUvaUUviAU 


1289 


ATlrtAArtAA rtrtrtfPArtrtTArtA A rtrt A rt»T»rtrtT»rtrtrri 

ATCAAGAA GGCTAGCTACAACGA GTCCTCCT 


10029 


OCT? 


PaTTTTPTTTira & TTJVr27VTTniTA 

vJAUUVsUUo A UAIltAUuUA 


1960 


T ArtAfrtTA rtPrt'PArtrt'T'APA A PP A rtAArtAAT^rt 

lAL^XCXA GuU i AGCi ACJ\ACGA v^AACAAlG 


10030 


OCfl1 


uUUliAUAw A UoUAAvvtJA 


1961 


m^^wtnifk rtPrtfPTVrtrtfnArtA ArtrtA rtfHAtPrtAArt 

TGCTTACA GGCTAGCTACAACGA CTATCAAC 


10031 


2590 


uguaabca a UuUQUGGG 


1962 


CCCACAAA GGCTAGCTACAACGA TGCTTACA 


10032 


2o0o 


(jUccccuu a CAGUAAAU 


588 


TV 11111 nil TV r^Tt*r^ ^/^/^rnTV o/'VTiTi ^TV TV TV T\.K/^nr%r^/^r^ 

ATTTACTG GGCTAGCTACAACGA AAGGGGCC 


10033 


O^ T O 


TTIV ^IVy^TTV TV TV ¥ TV TV TV H TV 

UACACjiUAA A UbAAAAvJA 


1963 


TGTTTTCA GGCTAGCTACAACGA TTACTGTA 


10034 


261^ 


JV TV TV T V TV A JV A ^A^/^AOA/^ 

aaaugaaa a caggagac 


1964 


GTCTCCTG GGCTAGCTACAACGA TTTCATTT 


10035 




IlAPlk^3PaP a PtTTTTlMMTTT 

AAlJAuvaAlb A L-UUAAAUU 


1965 


AATTTAAG GGCTAGCTACAACGA CTCCTGTT 


10036 


O C5 O 


aPTVPTTTTAA A TTTTAAPTTATT 

A<aA^-UUAA A UUAAL.UAU 


1966 


A f A r'TWT' A A rtPPTArtrtTA PA ArtrtA T"T< A A rtlfrtl^ 

ATAGTTAA GGCTAGCTACAACGA TTAAGTCT 


10037 


oca /T 


TTrTAAATTTTA A f^TTATTr^/^OTT 

UuAAAUUA A L-UAUGv-UU 


1967 


TVrtrtrtArnArt rtrtrtm A rtrtTi A rtA IV TV mTv iviiuimnv tv 

AvjGCATAG GGCTAGCxACAACGA taatttaa 


1003B 




AAUUAAL.U A UvjV..v_UC7L.U 


594 


ALjuALj^jLA IjoUIALiLiALAALLrA ACjTlAAiT 


10039 


o/r c c 


TTA ^V^TTTTTTT A TT/^(^0 A A TT/^ 

UAGvjUuUU a UL-Ct-AAuG 


599 


*^AmfTlrt/^rtA rtrt rtrn TV rt (TfTlTV ^TV TV Z^/^* TV IV Ik ■»l /nirtm TV 

CATTGGGA GGCTAGCTACAACGA AAAACCTA 


10040 


o/T/r 1 
^boX 


TTTTATir'P/^A A TTPTTTTArTTA 

UUAUUUUA A UGUUAuUA 


1968 


niArtrpAArtA rtrtrtTArt rtTiA rtA A rtrt A firtrtrtAJTlAA 

TAGTAACA GGCTAGCTACAACGA TGGGATAA 


10041 


2oob 


^/^AATTPTTTT A PfTAAATTATT 

L.(-AAUuUU A V.UAAAUAU 


602 


TV rpiv rnrrirpTv /~i rirtrtrpArtrtrriArtA Artrt A AArtAfnrnrtrt 

AiATTTAG GGCTAGCTACAACGA AACATTGQ 


10042 


2b /X 


uUUAL-UAA A UAUUUGL.C 


1969 


rtrtrtTVAAmA rtrt rtm A rtrtfii A rtA TV ^irt TV n*m M TV f*i 

GGCAAATA GGCTAGCTACAACGA TTAGTAAC ■ 


10043 


0C70 


UAL.UAAAU A UUUGUCt^U 


604 


AGGGCAAA GGCTAGCTACAACGA ATTTAGTA 


10044 


O £ o c 


/^/^P^^TrTA/^ A TTAAA^/^/**A 

GCCLUUAG A UAAAGGGA 


1970 


TCCCTTTA GGCTAGCTACAACGA CTAAGGGC 


10045 


2693 


ATTAAA/^/^O A TTr^AAA^^/** 

AUAAACjKjG a ulaaaccg 


1971 


CGGTTTGA GGCTAGCTACAACGA CCCTTTAT 


10046 


2698 


(jCjuAULAA a lcguauua 


1972 


m TV TV m TV /T/^ rtm TV /^m TV TV IV /^/^ TV mm^ivfTi«i^**» 

TAATaCGG GGCTAGCTACAACGA TTGATCCC 


10047 


2703 


CAAACCGU A UUAUCCAG 


611 


CTGGATAA GGCTAGCTACAACGA ACGGTTTG 


10048 


2706 


ACCX3UAUU A UCCAGAGU 


613 


ACTCTGGA GGCTAGCTACAACGA AATACGGT 


10049 


2715 


UCCAGAGU A U6UAGUUA 


615 


TAACTACA GGCTAGCTACAACGA ACTCTGGA 


10050 


2724 


UGUAGUUA A UCAUUACU 


1973 


AGTAATGA GGCTAGCTACAACGA TAACTACA 


10051 


2727 


AGUUAAUC A UUACUUCC 


1313 


GGAAGTAA GGCTAGCTACAACGA GATTAACT 


10052 


2730 


UAAUCAUU A CUUCCAGA 


621 


TCTGGAAG GGCTAGCTACAACGA AATGATTA 


10053 


2738 


acuuccag a cgcgacau 


1974 


ATGTCGCG GGCTAGCTACAACGA CTGGAAGT 


10054 
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2743 


CAGACGCG A CAUUAUUU 


1975 


AAATAATG GGCTAGCTACAAC6A CGCGTCTG 


10055 


2745 


GACGCGAC A UUAUUUAC 


1317 


GTAAATAA GGCTAGCTACAACGA GTCGCGTC 


10056 


2748 


GCGACAUU A UUUACACA 


625 


TGTGTAAA GGCTAGCTACAACGA AATGTCGC 


10057 


2752 


CAUUAUUU A CACACUCU 


628 


AGAGTGTG GGCTAGCTACAACGA AAATAATG 


10058 


2754 


UUAUUUAC A CACUCUUU 


1318 


AAAGAGTG GGCTAGCTACAACGA GTAAATAA 


10059 


2756 


AUUUACAC A CUCUUUGG 


1319 


CCAAAGAG GGCTAGCTACAACGA GTGTAAAT 


10060 


2774 


AGGCGGGG A UCUUAUAU 


1976 


ATATAAGA GGCTAGCTACAACGA CCCCGCCT 


10061 


2779 


GGGAUCUU A UAUAAAAG 


634 


CTTTTATA GGCTAGCTACAACGA AAGATCCC 


10062 


27B1 


GAUCUUAU A UAAAAGAG 


635 


CTCTTTTA GGCTAGCTACAACGA ATAAGATC 


10063 


2795 


GAGAGUCC A CACGUAGC 


1324 


GCTACGTG GGCTAGCTACAACGA GGACTCTC 


10064 


2797 


GAGUCCAC A CGUAGCGC 


1325 


GCGCTACG GGCTAGCTACAACGA GTGGACTC 


10065 


2809 


AGCGCCUC A UUUUGCGG 


1328 


CCGCAAAA GGCTAGCTACAACGA GAGGCGCT 


10066 


2821 


UGCGGGUC A CCAUAUUC 


1329 


GAATATGG GGCTAGCTACAACGA GACCCGCA 


10067 


2824 


GGGUCACC A UAUUCUUG 


1331 


CAAGAATA GGCTAGCTACAACGA GGTGACCC 


10068 


2826 


GVCUCCMJ A UUCUUGGG 


644 


CCCAAGAA GGCTAGCTACAACGA ATGGTGAC 


10069 


2836 


UCUUGGGA A CAAGAUCU 


1977 


AGATCTTG GGCTAGCTACAACGA TCCCAAGA 


10070 


2841 


GGAACAAG A UCUACAGC 


1978 


GCTGTAGA GGCTAGCTACAACGA CTTGTTCC 


10071 


2845 


CAAGAUCU A CAGCAUGG 


649 


CCATGCTG GGCTAGCTACAACGA AGATCTTG 


10072 


2850 


UCUACAGC A UGGGAGGU 


1336 


ACCTCCCA GGCTAGCTACAACGA GCTGTAGA 


10073 


2870 


UCUUCCAA A CCUCGAAA 


1979 


TTTCGAGG GGCTAGCTACAACGA TTGGAAGA 


10074 


2883 


GAAAAGGC A UGGGGACA 


1342 


TGTCCCCA GGCTAGCTACAACGA GCCTTTTC 


10075 


2889 


GCAUGGGG A CAAAUCUU 


1980 


AAGATTTG GGCTAGCTACAACGA CCCCATGC 


10076 


2893 


GGGGACAA A UCUUUCUG 


1981 


CAGAAAGA GGCTAGCTACAACGA TTGTCCCC 


10077 


2908 


UGUCCCCA A UCCCCUGG 


1982 


CCAGGGGA GGCTAGCTACAACGA TGGGGACA 


10078 


2918 


CCCCUGGG A UUCUUCCC 


1983 


GGGAAGAA GGCTAGCTACAACGA CCCAGGGG 


10079 


2929 


CUUCCCCG A UCAUCAGU 


1984 


ACTGATGA GGCTAGCTACAACGA CGGGGAAG 


10080 


2932 


CCCCGAUC A UCAGUUGG 


1358 


. CCAACTGA GGCTAGCTACAACGA GATCGGGG 


10081 


2941 


UCAGUUGG A CCCUGCAU 


1985 


ATGCAGGG GGCTAGCTACAACGA CCAACTGA 


10082 


2948 


GACCCUGC A UUCAAAGC 


1363 


GCTTTGAA GGCTAGCTACAACGA GCAGGGTC 


10083 


2959 


CAAAGCCA A CUCAGUAA 


1986 


TTACTGAG GGCTAGCTACAACGA TGGCTTTG 


10084 


2968 


CUCAGUAA A UCCAGAUU 


1987 


AATCTGGA GGCTAGCTACAACGA TTACTGAG 


10085 


2974 


AAAUCCAG A UUGGGACC 


1988 


GGTCCCAA GGCTAGCTACAACGA CTGGATTT 


10086 


2980 


AGAUUGGG A CCUCAACC 


1989 


GGTTGAGG GGCTAGCTACAACGA CCCAATCT 


10087 


2986 


GGACCUCA A CCCGCACA 


1990 


TGTGCGGG GGCTAGCTACAACGA TGAGGTCC 


10088 


2998 


GCACAAGG A CAACUGGC 


1991 


GCCAGTTG GGCTAGCTACAACGA CCTTGTGC 


10089 


3001 


CAAGGACA A CUGGCCGG 


1992 


CCGGCCAG GGCTAGCTACAACGA TGTCCTTG 


10090 


3010 


CUGGCCGG A CGCCAACA 


1993 


TGTTGGCG GGCTAGCTACAACGA CCGGCCAG 


10091 


3016 


GGACGCCA A CAAGGUGG 


1994 


CCACCTTG GGCTAGCTACAACGA TGGCGTCC 


10092 


3035 


GUGGGAGC A UUCGGGCC 


1384 


GGCCCGAA GGCTAGCTACAACGA GCTCCCAC 


10093 


3051 


CAGGGUUC A CCCCUCCC 


1387 


GGGAGGGG GGCTAGCTACAACGA GAACCCTG 


10094 


3061 


CCCUCCCC A UGGGGGAC 


1395 


GTCCCCCA GGCTAGCTACAACGA GGGGAGGG 


10095 


3068 


CAUGGGGG A CUGUUQGO 


1995 


CCCAACAG GGCTAGCTACAACGA CCCCCATG 


10096 


3088 


QAGCCCUC A CGCUCAGG 


1400 


CCTGAGGO GGCTAGCTACAACGA GAGGGCTC 


10097 


3101 


CAGGGCCU A CUCACAAC 


663 


GTTOTGAG GGCTAGCTACAACGA AGGCCCTG 


10098 


3105 


GCCUACUC A CAACUGUG 


1406 


CACAGTTG GGCTAGCTACAACGA GAGTAGGC 


10099 


3108 


UACUCACA A CUGUGCCA 


1996 


TGGCACAG GGCTAGCTACAACGA TGTGAGTA 


10100 


3138 


CUGCCUCC A CCAAUCGG 


1422 


CCGATTGG GGCTAGCTACAACGA GGAGGCAG 


10101 


3142 


CUCCACCA A UCGGCAGU 


1997 


ACTGCCGA GGCTAGCTACAACGA TGGTGGAG 


10102 


3165 


GGCAGCCU A CUCCCUUA 


691 


TAAGGGAG GGCTAGCTACAACGA AGGCTGCC 


10103 


3173 


ACUCCCUU A UOJCCACC 


694 


GGTGGAGA GGCTAGCTACAACGA AAGGGAGT 


10104 


3179 


UUAUCUCC A CCUCUAAG 


1436 


CTTAGAG6 GGCTAGCTACAACGA GGAGATAA 


10105 
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3190 


UCUAAGGG A CACUCAUC 


1998 


GATGAGTG GGCTAGCTACAACX3A CCCTTAGA 


10106 


3192 


UAAGGGAC A CUCAUCCU 


1440 


AGGATGAG GGCTAGCTAGAACGA GTCCCTTA 


10107 


3196 


GGACACaC A UCCUCAGG 


1442 


CCTGA6GA GGCTAGCTAGAACGA GAGTGTCC 


10108 


3207 


CUCAGGCC A UGCAGUGQ 


1447 


CCACTQCA GGCTAGCTACAACGA GGCCTGAG 


10109 



Input Sequence = AP100308. Cut Site = YG/M or UG/U. 
Stem Length = 8 . Core Sequence = GGCTAGCTAGAACGA 
AF100308 (Hepatitis B virus strain 2-18, 3215 bp) 
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CLAIMS 

What we claim is: 

1 . A compound having Formula I: 




5 wherein is an integer selected from the ffoup consisting of 1, 2, and 3; X2 is an integer 
greater than or equal to 1; is independantly selected from the group consisting of H, OH, 
NH2, 0 NH2, alkyl, S-alkyl, 0-alkyl, O-alkyl-S-alkyl, 0-alkoxyaIkyl, allyl, 0-allyl, and 
fluoro; each and R2 are independantly selected from the group consisting of O and S; 
each R3 and R4 are independantly selected from the group consisting of O, N, and S; and R5 
10 is selected from the group consisting of alkyl, alkylamine, oligonucleotide having any of 

SEQ ID NOS. 11343-16182, oUgonucleotide having a sequence complementary to any of 
SEQ ID NOS. 2594-7433, and abasic moiety. 

2. The compound of claim 1, wherein said oUgonucleotide having a sequence complementary 
to any of SEQ ID NOS. 2594-7433 is an enzymatic nucleic acid molecule. 

15 3. The compound of claim 1, wherein said oligonucleotide having a sequence complementary 
to any of SEQ ID NOS. 2594-7433 is an antisense nucleic acid molecule. 
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4. The compoiind of claim 2, wherein said enzymatic nucleic acid molecule is selected from the 
group consisting of Hammerhead, Inozyme, G-cleaver, DNAzyme, Amberzyme, and 
Zinzyme motifs. 

5. The compound of claim 2, wherein said Ihozyme enzymatic nucleic acid molecule comprises 
5 a stem II region of length greater than or equal to 2 base pairs. 

6. The compound of claim 2, wherein said enzymatic nucleic acid comprises between 12 and 
100 bases complementary to an RNA derived from HCV* 

7. The compound of claim 2, wherein said enzymatic nucleic acid comprises between 14 and 24 
bases complementary to an KNA derived from HCV. 

10 8. The compound of claim 3, wherein said antisense nucleic acid comprises between 12 and 100 
bases complementary to an RNA derived from HCV. 

9. The compound of claim 3, wherein said antisense nucleic acid comprises between 14 and 24 
bases complementary to an RNA derived from HCV. 

10. A composition conoprising the compound of claim land a pharmaceutically acceptable 
15 carrier* 

11. A mammalian cell comprising a compound of claim 1. 

12. The mammalian cell of claim 1 1, wherein said mammalian cell is a human cell. 

13. A method for treatment of cirrhosis, hver failure, hepatocellular carcinoma, or a condition 
associated with HCV infection comprising the step of administering to a patient a compound 

20 of claim 1 under conditions suitable for said treatment 

14. The method of claim 13 fiirther comprising the use of one or more drug therapies under 
conditions suitable for said treatm^t. 

15. A method for inhibiting HCV replication in a mammalian cell comprising the step of 
administering to said cell the compound of claim 1 under conditions suitable for said 

25 inhibition. 
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16. A method of cleaving a separate RNA molecule comprising contacting the compoimd of 
claim 1 with said separate RNA molecule under conditions suitable for the cleavage of said 
separate RNA molecule. 

17. The method of claim 16, wherein said cleavage is carried out in the presence of a divalent 
5 cation. 

18. The method of claim 17, wherein said divalent cation is Mg2+. 

19. The method of claim 16, wherein said cleavage is carried out in the presence of a protein 
nuclease. 

20. The method of claim 19, wherein said protein nuclease is an RNAse L. 

10 21. The compound of claim 1, wherein said compound is chemically synthesized. 

22. The compound of claim 1, wherein said oligonucleotide comprises at least one 2*-sugar 
modification. 

23. The compound of claim 1, wherein said oligonucleotide comprises at least one nucleic acid 
base modification. 

IS 24. The conq)Ound of claim 1, wherein said oligonucleotide comprises at least one phosphate 
modification. 

25. The method of claim 14, wherein said drug therapy is the administration of type I interferon. 

26. The method of claim 25, wherein said type I interferon and the compound of claim 1 are 
administered simultaneously. 

20 27. The method of claim 25, wherein said type I interferon and the compound of claim 1 are 
administered separately. 

28. The method of claim 25, wherein said type I interferon is selected from the group consisting 
of interferon alpha, interferon beta, consensus interferon, polyethylene glycol interferon. 
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polyethylene glycol interferon alpha 2a, polyethylene glycol interferon alpha 2b, and 
polyethylene glycol consensus interferon. 

29. The method of claim 14, wherein R5 in said compound is selected jfrom the group consisting 
of alkyl, alkylamine and abasic moiety and said drug therapy comprises treatment with an 
enzymatic nucleic acid molecule which is targeted against HCV replication. 

30. The method of claim 14, wherein R5 in said compound is selected from the group consisting 
of alkyl, alkylamine and abasic moiety and said dmg therapy comprises treatment with an 
antisense nucleic acid molecule which is targeted against HCV replication. 

31. A composition comprising type I int^eron and the compound of claim 1 and a 
pharmaceutically acceptable carrier. 

32. The compound of claim 1, wherein said abasic moiety is selected from the group consisting 



wherein R3 is selected from the group consisting of S, N, or 0 and R7 is independently 
selected from ttxe group consisting of H, OH, NH2, 0-NH2, alkyl, S-aDcyl, 0-alkyl, 0-alkyl- 
S-alkyl, 0-alkoxyalkyl, allyl, 0-allyl, fluoro, oligonucleotide, alkyl, alkylamine and abasic 
moiety. 

33. An enzymatic nucleic acid molecule that specifically cleaves RNA derived from hepatitis B 
virus (HBV), wh^ein said enzymatic nucleic acid molecule comprises sequence defined as 
Seq. ID No. 6346. 

34. A method of administering to a cell an enzymatic nucleic acid molecule of claim 33 
comprising contacting said cell with the enzymatic nucleic acid molecule under conditions 
suitable for said administration. 



of: 
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35. The method of claim 34, further comprising the admiiustration of one or more other 
therapeutic compounds. 

36. The method of claim 35, wherein said other therapeutic compound is type I interferon. 

37. The method of claim 35, wherein said other therapeutic compound is 3TC® (Lamivudine). 

5 38. The method of claim 35, wherein said other therapeutic compound and the enzymatic nucleic 
acid molecule are administered simultaneously. 

39. The method of claim 35, wherein said other therapeutic compound and enzymatic nucleic 
acid molecule are administered separately. 

40. The method of claim 36, wherein said type I interferon is selected from the group consisting 
10 of interferon alpha, interferon beta, consensus interferon, polyethylene glycol interfiaron, 

polyethylene glycol interferon alpha 2a, polyethylene glycol interferon alpha 2b, and 
polyethylene glycol consensus interferon. 

41 . The method of claim 34 or claim 35, wherein said cell is a mammalian cell. 

42. The method of claim 41, wherein said cell is a human cell. 

15 43. The method of claim 41, wherein said adnmiistration is in the presence of a delivery reagent. 

44. The method of claim 43, wherein said delivery reagent is a lipid. 

45. The method of claim 44, wherein said lipid is a cationic lipid or a phospholipid. 

46. The method of claim 43, wherein said delivery reagent is a liposome. 

20 47. A nucleic acid molecule that specifically binds the hepatitis B virus (HBV) reverse 
transcriptase primer, wherem said nucleic acid molecule comprises the sequence (UUCA)n, 
wherein n is an integer from 1 to 10. 



332 



wo 02/081494 



CA 02442092 2003-09-25 



PCT/US02/09187 



48. A nucleic acid molecule that specifically binds the hepatitis B virus (HBV) reverse 
transcriptase primer, wherein said nucleic acid molecule is a sequence comprising any of 
Seq, ID Nos: 1121641262, 11264, 11266, 11268, 11270, 11272, 11274, 11276, 11278, 
11280, 11282, 11284, 11286, 11288, 11290 and 11292. 

5 49. A nucleic acid molecule that specifically binds to the Enhancer I sequence of HBV DNA. 

SO. A nucleic acid molecule of claim 49 wherein said nucleic acid molecule comprises any of 
SEQ ID Nos: 11327, 11330, 11332, 11334, 11335, 11338, 11340 and 11342. 

SLA method of administering to a cell a nucleic acid molecule of any of claims 47-50 
comprising contacting said cell with the nucleic acid decoy molecule under conditions 
1 0 suitable for said administration. 

52. The method of claim 51, further comprising administering one or more other therapeutic 
compounds. 

53. The method of claim 52, wherein said other therapeutic compound is type I interferon. 

54. The method of claim 52, wherein said other therapeutic compound is 3TC® (Lamivudine). 

15 55. The method of claim 52, wherein said other therapeutic compoxmd and the nucleic acid 
molecule are administered simultaneously. 

56. The method of claim 52, wherein said other therapeutic compound and the nucleic acid 
molecule are administered separately. 

57. The method of claim 53, wherein said type I interferon is selected from the group consisting 
20 of interferon alpha, interferon beta, consensus interferon, polyethylene glycol interferon, 

polyethylene glycol interferon alpha 2a, polyethylene glycol interferon alpha 2b, and 
polyethylene glycol consensus interferon. 

58. The nucleic acid molecule of any of claims 47-50, wherein said nucleic acid molecule 
comprises a nucleic acid backbone modification. 
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59. The nucleic acid molecule of any of claims 47-50, wherein said nucleic acid molecule 
comprises a nucleic acid sugar modification. 

60. The nucleic acid molecule of any of claims 47-50, wherein said nucleic acid decoy molecule 
comprises a nucleic acid base modification. 

5 61. The method of claim 51 or claim 52, wherein said cell is a mammaUan cell. 

62. The method of claim 61, wherein said cell is a human cell. 

63. The method of claim 61, wherein said administration is in the presence of a delivery reagotit. 

64. The method of claim 63, wherein said delivery reagent is a lipid. 

65. The method of claim 64, wherein said lipid is a cationic lipid or a phosphohpid. 
10 66. The method of claim 63 wherein said delivery reagent is a liposome. 

67. The nucleic acid molecule of claim 47, wherein said nucleic acid molecule is a decoy nucleic 
acid molecule. 

68. The nucleic acid molecule of claim 47, wherein said nucleic acid molecule is an aptamer 
nucleic acid molecule. 

15 69. The nucleic acid molecule of claim 49, wherein said Enhancer I sequence comprises a 
Hq)atocyte Nuclear Factor 3 and/or Hepatocyte Nuclear Factor 4 binding sequence. 

70. A mouse implanted with HepG2.2.15 cells, wherein said mouse sustains the propagation of 
HEPG2.2.15 cells and HBV production. 

71. The mouse of claim 70, wherein said mouse has been infected with HBV for at least one 
20 week. 

72. The mouse of claim 70, wherein said mouse has been infected with HCV for at least four 
weeks. 

73. The mouse of claim 70, wherein said mouse has been mfected with HBV for at least eight 
weeks. 
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74. The mouse of claim 70, wherein said moxise is an immuno compromised mouse. 

75. The mouse of claim 74, wherein said mouse is a nu/nu mouse. 

76. The mouse of claim 74, wherein said mouse is a scid/scid mouse. 

77. A method of producing a mouse according to claim 70, comprising injecting HepG2.2,15 
5 cells into said mouse under conditions suitable for the propagation of the HqpG2,2. 1 5 cells in 

said mouse. 

78. The method of claim 77, wherein said mouse is a nu/nu mouse. 

79. The method of claim 77, wherein said mouse is a scid/scid mouse. 

80. The method of claim 77, wherein said injection is subcutaneous injection. 

10 81. The method of claim 77, wherein said HepG2.2.15 cells are suspended in Dulbecco's PBS 
solution including calcium and magnesium. 

82. A method of screening a th^apeutic compound for activity against HBV comprising 
administering said therapeutic compound to a mouse of claim 70 and monitoring said mouse 
for the effects of said therapeutic compound on levels of HBV DNA. 

15 83. The method of claim 70, wherein said therapeutic compound is a nucleic acid molecule, 
administered alone or in combination with another therapeutic compound or treatment 

84. The method of claim 83, wherein said nucleic acid molecule is an enzymatic nucleic acid 
molecule. 

85. The method of claim 83, wherein said nucleic acid molecule is an antisense nucleic acid 
20 molecule. 

86. The method of claim 83, wherein said other treatment is antiviral therapy. 

87. The method of claim 86, wherein said antiviral therapy is treatment with 3TC® 
(Lamivudine). 

88. The method of claim 86, wherein said antiviral therapy is treatmstit with interferon. 

25 89. The method of claim 88, wherein said interferon is selected from the group consisting of 
consensus interferon, type I interferon, interferon alpha, interferon beta, consensus 
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interferon, polyethylene glycol interferon, polyethylene glycol interferon alpha 2a, 
polyethylene glycol interferon alpha 2b and polyethylene glycol consensus interferon. 

90. An inununocompromised non-human mammal implanted with HepG2.2.15 cells, wherem 
said non-human mammal is susceptible to HBV infection and capable of sustaining HBV 
5 DNA expression. 

9L The mammal of claim 90, wherein said non-human mammal has been infected with HBV for 
at least one week. 

92. The mammal of claim 90, wherein said non-human mammal has been infected with HCV for 
at least four weeks. 

10 93. The mammal of claim 90, wherein said non-human mammal has been infected with HBV for 
at least eight weeks. 

94. The mammal of claim 90, wherein said non-human mammal is a nu/nu mammal, 

95. The mammal of claim 90, wherein said non-human mammal is a scid/scid mammal. 

96. A method of producing a non-human mammal according to claim 90, comprising injecting 
15 Hq)G2.2.15 cells into said non-human mammal under conditions suitable for the propagation 

of the HepG2.2.15 cells in said non-human. 

97. The method of claim 96, wherein said non-human mammal is a nu/nu mammal. 

98. The method of claim 96, wherein said non-human mammal is a scid mammal. 

99. The method of claim 96, wherein said injection is subcutaneous injection. 

20 lOO.The method of claim 96, wherein said HepG2.2.15 cells are suspended in Delbecco's PBS 
solution including calcium and magnesium. 

101. A method of screening a therapeutic compound for activity against HBV, comprising 
. administering said therapeutic compound to a non-human mammal of claim 90 and 

monitoring said mammal for the effects of said therapeutic compound on levels of HBV 
25 DNA. 

102. The method of claim 101, wherein said therapeutic compound is a nucleic acid molecule 
administered alone or in combination wxQx another therapeutic compound or treatment. 
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103. The method of claim 102, wherein said nucleic acid molecule is an enzymatic nucleic acid 
molecule. 

104. The method of claim 102, wherein said nucleic acid molecule is an antisense nucleic acid 
molecule. 

5 105 .The method of claim 102, wh^ein said other treatment is antiviral therapy. 

106. The method of claim 105, wherein said antivural therapy is treatment with 3TC® 
(Lamivudine). 

107. The method of claim 105, wherein said antiviral therapy is treatment with interferon. 

105. The method of claim 107, wherein said interferon is selected from the group consisting of 
10 consensus interferon, type I interferon, interferon alpha, interferon beta, consensus 

interferon, polyethylene glycol interferon, polyethylene glycol interferon alpha 2a, 
polyethylene glycol interferon alpha 2b, and polyethylene glycol consensus interferon. 
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Figure 1: Ribozyme Motifs 
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Figure 22: Growth ofHepG2.2.15 tumors in 
Atliymic Nu/Nu female mice 
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Figure 24: Secondary structure of the HCV 5VTR 
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Firefly/Renilla RNA Luciferase ratio 



RPI# 12252 
RPI# 15292 

RPI# 15291 



<D 

3 

o 

Z RPI# 12254 



RPI# 15295 



RPm 15294 




5: 
o 



c 
o 

1 



2i 

i 

^ ft 



5" 
3 



5: o 



2-0- 

o 

&) 
o 

s 



o 
o 

o 

(0 
(D 



6 
o 



33/47 



wo 02/081494 



CK 02442092 2003-09-25 



PCT/US02/09187 



Firefly/Renilla Luciferase ratio 



RPI# 12252 
RPI# 15292 

RPI# 15291 



(D 

a) 
3 

<D 



3. RPI# 12254 



RPI# 15295 



RPI# 15294 




3: 

a. s 



<D 



82 

N 



I 

(0 

5' 



^1 



0) 



g o 



o 



o a 
ft 

a: 
o 

o 

?! 



o 

5' 

&) 
o 

5 

o 
o" 

o 



34/47 



wo 02/081494 



CA> 02442092 2003-09-25 



PCT/US02/09187 



Figure 29A: Interferon Dose response with 
Enzymatic Nucleic Acid 
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Figure 29B: Interferon Dose response with 
Enzymatic Nucleic Acid 
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Figure 30: Site 195 anti-HCV enzymatic nucleic 
acid dose response in 
combination with interferon pretreatment 
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Figure 31 A: CIFN dose response with site 195 
anti'HCV enzymatic nucleic acid treatment 
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Figure 3 IB: Site 195 anti-HCV enzymatic nucleic 
acid dose response with CIFN pretreatment 
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Figure 32: Enhanced antiviral effect of an antt- 
HCV enzymatic nucleic acid 
targeting site 195 used in combination with 
consensus interferon (CIFN) 
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Figure 35: Modified 2-5A Compound 

NH2 
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Figure 36A: Ribozyme activity and enhanced antiviral effect 
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Figure 36B: Ribozyme activity and enhanced antiviral effect 
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Pretreatment: RPI.17894 RPI.21096 RPI.17894 RPI.21096 
Treatment: RPI.17894 RPI.17894 RPi.13919 RPI.13919 



45/47 



CA 02442092 2003-09-25 
WO 02/081494 PCT/US02/09187 

Figure 37: Inhibition of viral replication with anti-HCV ribozyme 
or 2-5A treatment 
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Figure 38: Anti-HCV ribozyme in combination with 2-5A 
treatment 
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